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A Spoonful of Sugars 



Terms defined on this page; 



anomer 
enantiomer 
ftiranose 
glucan 
glucose 
glycoside 
Haworth 
diagram 



hemiacetal 

hydroxy 1 group 

Ugand 

marjnose 

polysaccharide 

pyranose 

stereochemistry 



These would be on the test, 
if we gave one. 



Since we haven't done this elsewhere, it's time we provided 
the rudiments of sugar (saccharide) chemistry, so that we 
can make useful noises about polysaccharides (sugar 
polymers) — easily the most common class of biopolymers 
on the planet. A more extensive and far better introduction 
may be found at Natural Products. 

All sugar monomers of biological importance have 
structural formulas which looks something like this: 
CH 2 OH-(CHOH) n -CHO. In other words, they consist of a 

chain of carbon atoms, in which each carbon atom has a 
hydroxy! (-OH) group attached to it, except for CI 
(sometimes C2) which has an aldehyde or keto (-O) group. 
In living organisms, the chain is generally 3-7 carbons long. In biologically important 
polysaccharides, the monomers are almost always 5- or 6-carbon sugars, 

We have only reluctantly provided a reference graphic of a sugar monomer in linear form because, 
in life, 5- and 6- carbon sugars rarely occur as straight chains. The carbon atoms with the aldehyde 
(or keto) group reversibly bonds to one of the other carbons by "sharing 11 a hydroxyl oxygea, 
forming a C-O-C linkage. This is known as an hemiacetal linkage. Typically, the result is a 5- or 
6-member ring — four or five carbon atoms plus the linking oxygen. A five-member form (e.g. a 
C1-^C4 linkage) form is called a Juranose. A six-member ring (e.g. C1-*C5 linkage) is a 
simple 



pyranose. A simple example, and 
perhaps the most common sugar 
monomer, is glucose. Its usual 
(pyranose) ring form is shown in the 
image. It can also occur as a furanose. 
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In feet, the two forms are in equilibrium, 

Under biologically relevant conditions, the equilibrium so strongly favors the pyranose fbim of 
ghicose that we can ignore the ftiranose. However, this is not necessarily the case for all sugars. 

Tills is also the last time we will show the ring carbons. By the universal convention of 
biochemists, carbon atoms forming part of a ring structure are not shown with a *C r symbol. They 
are simply indicated by the intersection of the bonds from the various groups (ligands) to which the 
carbon atom is attached. Vety frequently, hydrogen ligands (H-) are not shown either. A line with 
nothing at the end means a hydrogen ligand, and an unlabelled intersection of bonds means a 
carbon atom. See examples below. 

Sugar monomers are not always quite this simple. Each of the hydroxyl ligands is moderately 
chemically active, and all kinds of variants exist, An example, of particular relevance to fungi, is 
chitin. Chitin is a polymer of N-acetfy-2-glucosaraine, i.e., a glucose derivative in which the ligand 
CHj-CH^NH- substitutes for the OH-group on C2. See the chitin glossary entiy for an image. 

In most of these examples, we have shown the structure of sugars using a Haworth Diagram. 
These are easy to draw and to understand, but they are rather crude tools because the bond angles 
are grossly distorted. Carbon normally forms tetrahedral structures, with the bonds about 108* 
apart However, Haworth diagrams will do for our purposes, so long as we don't take them too 
seriously. 

Stereochemistry 

The figure above is labeled "D"- 
glucose for an important reason: it 
gives us aq excuse to discuss three ^ 
quick points about 

stereochemistry. Stereochemistry 
relates to the properties of compounds 
which are chemically identical, except 
that they are asymmetrical, and differ 
in the arrangement of ligands about one 
or more asymmetrical backbone 
atoms. 



(1) Note that carbons 1 through 5 are 
asymmetrical in glucose. Each of these 
carbons is attached to four different 
ligands. Thus, the relative positions of 
the groups attached to the carbon atoms 
makes a difference. If, for example, 
wc flipped the hydroxyl group on CI 
so that it was above the ring, this would 
no longer be glucose. It would be 

mannose, a sugar with rather different 

~~ chemical properties, 

(2) If we took the minor image of the entire molecule, all of the bonds would be in the same 
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relative position. Thus we would have a molecule that ought to have exactly the same chemical 
properties as glucose, which it does - sort of. The difficulty is that, when this reversed glucose 
interacts with some other asymmetrical biochemical, the two molecules no longer mesh in the same 
way. Consequently, we must distinguish between D-ghicose and its minor image (enantiomer). L- 
glucose. Don't wony about teiKng the difference. The biologically relevant form for sugars is 
usually the D-enantiomer. You can assume a figure shows the D-enantiomer unless someone tells 
you differently. 

(3) CI is a special case. In the linear form, CI is not asymmetrical because it has only three 
ligands. However, when the CI forms a pyranose linkage to C5, it becomes asymmetrical. In 
terms of our diagram, the -OH group on CI might point down or up. Free glucose in solution is, 
once again, in equilibrium between the two forms, referred to as a- and p*D~glucose. These 
alternate forms of the hemiacetal are referred to as anpmers, However, this time, neither form is 
strongly favored. (This is also not like the glucose-mannose example, since the two forms freely 
interconvert) For free glucose, the exact form at any given time is unimportant. However, when 
glucose is linked to another sugar through the CI hydroxyl group, the conformation becomes 
"frozen." Consequently, for glucose polymers, we need to distinguish between a (hydroxy! down) 
and p (hydroxyl up) linkages (glycoside bonds). Incidentally, the alpha-down/beta-up convention 
is reversed for L-enantiomers or, naturally enough, when the sugar monomer is represented upside- 
down. 

General Features 

Fungal cells maintain a very high turgor 
pressure, so the integrity of the cell wall is 
a critical matter. Cabib et al (2001). The 
composition of the fungal cell wall is rather 
variable, The variability appears to have 
phylogenetic significance, but few, to our 
knowledge, have followed that trail (but 
see Onin, 2003). In general, mycology has 
leapt directly from the ponderous fallacies 
of classical typological systematica to the 
facile, but sometimes equally fallacious, 
paradigms of molecular systematics. 
Consequently, there is remarkably little 
honest biology and biochemistry being 
applied to phylogenetic issues. 

The situation is not improved by the usual 
non-specialist texts which characterize the 
fungal cell wall as a relatively simple 
structure made up of "cellulose" and 
chitin. Consider that the fungal cell wall 
can make up 30% or more of the dry 
weight of the fungus, and that the fungi are 
characterized by external digestion of food 
followed by selective absorption of the digestion products. Clearly, we can expect that the fungal 
cell wall will be a complex, specialized system. 
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It is all that; and, in addition, it is a highly dynamic system, constantly being regenerated and 
remodeled according to the needs of the moment. Adams (2004). Thus, many of the cell wall- 
associated proteins are enzymes whose function is to hydrolyze chitin and polysaccharides. The 
lesson is that this type of cell wall is, from a metabolic point of view, very different from insect 
exoskeletons or a plant cell walls, which are termhlally differentiated structures. 

Not unexpectedly, attempts to understand the biosynthesis of cell wall components have run into a 
maze of regulatory pathways which are difficult to sort out. Garcia ef al. (2004) applied brute force 
genomics methods to analyze gene responses to several different physical and chemical agents 
affecting cell wall integrity. The genetic responses in each case involved on the order of 100 
different genes, with a significant different cohort of genes activated by each agent. Similarly, 
Lesage et al (2004) identified 135 genes involved in the synthesis and regulation of die P-(l-»3>- 
glucan component (see infia) alone (see also several similar studies cited by these authors). In fact, 
it has been estimated that 20% of the Sacckaromyces genome is involved with cell wall 
biosynthesis. Duran & Nombela (2004). Some efforts are being made to pare these lists down to 
some "core" group of pathways. However, die magnitude of the problem has only become clear in 
the last few years, and h is much too early to say anything useful. 



Structure 



We include two diagrams 
of the fungal cell wall by 
GrQn (2003) and Cabib et 
al (2001). We've also 
thrown in Joan Miro's 
(1940) Chijffres ei 
Constellations just because 
it has somewhat the same 
feel to it 

While each of these images 
speaks to us in its own way, 
we will work primarily 
with Griin's concept, The 
cell wall is generally 
constructed of three layers; 
(1) an a-glucan layer (a 

glucan is a polymer of glucose), (2) a fJ-glucan layer, and (3) an outer layer of glycoprotein. In 
addition, chitin may be a significant component of certain cell wall structures. 

The a-glucan layer, if present, is generally composed of the a(l-*3)-glucan polymer. However, a 
(l->4) glycosides are variably present. Compare glycogen, which is o(l-+4)-glucan with (l->6) side 
chains. Where present, the a-glucan materia] appears as a fibrillar layer adjacent to the plasma 
membrane and is thought to serve a largely structural role, stiffening the basal layer of the cell 
wall. 




The a-glucan layer is rarely represented in diagrams of the ftmgal cell wall because it does not 
occur in Sacckaromyces, which is the usual model system. In fact, it has a rather peculiar 



httpr/Avww.palaeos.com/Fungi/FPieces/CellWall.html 3/7/2006 

PAGE 30/83 * RCVD AT 12/1312006 5:27:23 PM [Eastern Bandard frnie] * SVR:USPTO«EFXRF-3/6 1 DNIS:2738300 * CSID;6123499266 * DURATION (mra-ss):2M6 



12/13/2006 16:34 FAX 6123499266 



PATTERSON THUENTE SKAAR 



8)031 



Palaeos Fungi: Pieces: Tlie CeL i^all 



Page 5 of 6 



phylogenetic distribution. Among ascomycetes, the alpha glucan is found in Schizosgccharomyces, 



in the 



but is not known from any otter yeasts. The material is comm on amot 
Pezizomycotina. However, in Lecanoiomycetes, 
a veiy large proportion tends to be in the a(l-*4) 
fonn. Alpha glucans also form a significant, 
sometimes even dominant, part of the cell wall in 
many basidiomycetes, but are completely absent 
outside the Hymenomycetes. Grttn (2003)* 
Although Schizosaccharomyces is often 
classified with the yeasts, its position is probably 
more basal. A number of studies show it 
branching with (paraphyletic) 

taphrinomycotines. See, e.g., Liu et al. (1999), 
An et al (2002). We tend to prefer the 
methodology of these studies, which are neither 
biased by the superficial similarities of "yeast" 
forms nor confused by the usual problems with 
rDNA and mtDNA. Thus, it appears likely that 
the alpha glucan layer is primitive for all higher 
fungi, or at least for Ascomycota, with 
subsequent multiple losses. 

The bulk material of the cell wall is usually in the 
form of P(l->3)-glucan. This forms a very stable hydrogen-bonded triple helix in solution, and 
probably in vivo, The packing of these triple helix structures appears to be controlled by the size 
and frequency of very short (l-*-6) side chains, sometimes consisting of only a single glucose 
monomer. Grim (2003), If so, this clearly provides a method for controlling the structure and 
conformation of the cell wall very simply and with very fine, localized control. However, 
essentially no work appears to have been done in this area. If anyone out there is looking for a 
potentially elegant and informative dissertation topic in a virtual research vacuum, this is it 





CabJb *a/.(2Q0I) >^ ~ Ifo addition to p(l ^glucan, the 

cell wall contains p(l->6>glucan, 
We emphasize that this is not 
simply a P(l-3)-gJucan with big 
side-chains, but a polysaccharide 
with a true P(l-*6) backbone. This 
material may be peripheral to the 
bulk P(l-»3)-glucan and is, in any 

case, strongly involved in cross- 
linking the various components of 
the cell wall, as shown in the figure 
from Cabib et al (2001). 

The outermost layer of the cell wall 
is composed of diverse proteins 
bearing polysaccharide side chains 
composed of mannose. The usual explanation is that these are attached through their mannan side 
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chains via a (1^3) linkage with the ftl-+6>glucan. However, this is only a model. Real life 
appears to be very much more complex, involving a wide variety of different interactions between 
glycoproteins and bulk cell wall materials. Pitarch et al (2002). 

Finally, the fungal cell wall contains variable amounts of chitm. In many systems chitiu is a mqjor 
constituent of the cell wall. In others, it is involved only in cell division or reproductive structuro 
and is virtually absent otherwise. Again, we are reluctant to say much about it, absent more 
detailed, phylogenetically-grounded studies of the actual ultrastmcture in particular cases. 

In general, the study of the fungal cell wall tends to be strong on models and somewhat weaker on 
data. One virtue of the brute force genomic and proteoraic studies now being produced is that they 
clearly confront us with the scope of the problem. Fungal cells probably lack the diversity of 
metazoan tissues. However, each fungal cell must, for that very reason, be competent to perform a 
much wider variety of functions than a typical tenninally-differentiated metazoan cell. 
Consequently, their superficial similarity and simplicity are likely to mask a very complex, plastic 
biochemical repertoire. Perhaps, after all, the Mir6 is the best representation, given the current 
state of our knowledge. ATW051U3. 
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Click HD for Main Headings 
Click for All Classes 



Internet Version by PATENTEC »iwe TarmsofUsa 



536/ HD ORGANIC CO MPOUNDS - PART OF THE CLASS 532-570 SERIES 

BB ORGANIC COMPOUNDS /Class 532. Subolass 1V (1> 
1.11 DF Carbohydrates or derivatives {1 5} 

18.7 D_E .-.-» Nitrogen containing {13> 

22 1 df ~ ~ ~ N-glycosides, polymers thereof, metal derivatives (e.g., nucleic acids, 

— oligonucleotides, etc.) {12) 

26 1 DF ■"" Phosphorus containing N-glycoside wherein the>l is part of an N- 
^ heteroring{9) 

26.11 ^ ~~~~~ the phosphorus is part of a ring {2} 

26.12 D_£ .«-.~. ~> The N-hetero ring is part of a purine ring system {1} 

26 14 DF ~s----.--~> The N-hetero ring is a diazlne or a diazote ring, including 
hydrogenated 

nzzz] 



DEFINITION 

Classification: 536/26.11 

The phosphorus is part of a ring: 

(under subclass 26.1) Compounds wherein the phosphorus is part of a ring structure. 
(1) Note. Examples of compounds provided for herein are: [figure] 



http;//www.patentec,com/data/cJass/dcfs/536/26_l 1 .html 3H/2006 

PAGE 33183 1 RCVD AT 12/13/2006 5:27:23 PM (Eastern Standard Time] 1 SVR:USPTO-EFXRF-3/6 * DNIS;2738300 * CSID:6123499266 1 DURATION (mm-ss):24-56 



12/13/2006 16:35 FAX 6123499266 PATTERSON THUENTE SKAAR ©034 

US PATENT SUBCLASS 536 , 6. 11 - ~.~ The phosphorus is pad vi a ring Page 2 of 2 

") — — 



fc* Co 



http:/Avvw.patentec.com/daWclass/defs/536/26 11. html 3/7/2006 

PAGE 34ffi3 • RCVD AT 12/13/2006 5:27:23 PM [Ea^ern Standard TTmel * SVR:USPT0-EFXRF-a/6 * DNIS:2738300 * CSID:6123499266 1 DURATION (mm-ss):24-56 



12/13/2006 16:35 FAX 6123499266 PATTERSON THUENTE SKAAR ©035 

Organic Chemistry [encyclopL^J 1 ^ Page j 0 f 2 



KOS MOI Help the no lit employers find you 



Post Your Hcsumc Now ► 









Exarnkradcors 
1901 

Questions In 

McAt Organic 

Chcmb... 

Michelle, Ph.D. 

Ollbertcon, 

Andrew 

Dauber 



Organic 
Chemistry n 
as a Second 
language : 

Seeon... 

Davtd Ri Klein 



Organic 
Chemistry I 
For 

Purnmles 
jArtfiur 
Winter 



Organic 
Chemistry I 
as a Second 
Language : 
Transit* 
David R. Wein 



Prentice Hall 
Molecular 
^ Modd Set 
Ctor Organic 

a Prentice Hall, 
Esro Prentice 
Had 



Advanced 
Organic 
Chemfetry, 
Fourth 
Edition - 
Park ... 
Richard J. 
Sun db erg, 
Francis A, 
Carey 



Chemistry : 



Organic Chemistry 

Kosmol.com > Science > Chemistry > Organic: 



Organic chemistry Is the branch of 
chemistry concerned with the study of 
carbon-contalnlng molecules known as 
organic compounds, (except carbon 
dioxide and monoxide. Although there 
Is an overlap with biochemistry, the 
latter is the specific study of the 
molecules made by living organisms. 



Some of the classes of substances studied in organic 
chemistry Include; aliphatic compounds which deals 
with chains of carbon which can be modified by 
functional groups; aromatic compounds which are 
compounds having a benzene ring or similar group; 
heterocyclic compounds, compounds which Include non- 
carbon atoms as part of a ring structure; physiologically 
active compounds which have an effect on the human 
body; and polymers - long chains of repeating groups. 
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Polymers 

Polymer — condensation polymer 

Concepts 

Organic nomenclature - Chemical formula — structural 
formula — skeletal formula -Organic reactions 

History 

For some time it was believed that organic compounds 
could be produced only by living organisms (hence the 
name) until the synthesis of urea by Frledrich W&hler In 
1828. 

Characteristics of organic 
substances 

The reason that there are so many carbon compounds Is 
that carbon has the ability to form many carbon chains 
of different lengths, and rings of different sizes. A lot of 
carbon compounds are extremely sensitive to heat, and 
generally decompose below 300'C They tend not to be 
so soluble In water compared to many Inorganic salts. 
In contrast to such salts, they tend to be much more 
soluble in organic solvents such as ether or alcohol. 
Organic compounds are covalently bonded. 
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ETifBKIBIZAIlON-TMG^ERED sequence-specific duplex with a target nucleic acid. 

mJORESaSOT DETECTED <MF NUCLEIC Hydrolysis releases cite fluoresce molecule torn the 5' cod 

ACIDS of the probe, removing it from proximity with the quencher, 

Ihureby allowing increased fluorescence to occur. Lee el ol 

CROSS-REFERENCE TO RELATED s (1993) Nucleic Acids Has. 16:3761-3766. In another 

APPLICATIONS recently developed tecfajQiqvc, rnlcrovornme multi-sample 

TTm irrnvm „ ^ , tc flw>rimeters with rapid tcmpewtureocntrolh^ebeeiidcvijl- 

v fT 2?™, 0 diviaitcnal rf ^ oped for use with 5^nucl«fie assays Using double-labeled 

reference in ,rs entirety for all purrwes. neons assay in which fluorescem^ial varies with „ tern- 

STATEMENT OP RIGHTS TO INVENTIONS g**™ 1116 v ^Uon is detected Jn i real time. 

MADE UNDER FEDERALLY SPONSORED However, all of these assays involve post-hybndizaium 

RESEARCH detection steps, alien involving the nss of enzymes* wfato 

15 arc costly, rimc-oonsuming and can be difficult co regulate. 

Not applicable. in terms of their activity. 

_____ AT w __ There is thus a need for sensitive and straightforward 

TECHNICAL FIELD methods and comrwadaas tor sequence-specific detection 

The present invention is m the field of moEecular bralogy ° f nucJc * c acid iBZ S&X particular fluoresccm detection. 

More specifically, the invention is in the field of assays that 70 BQSidts ^ t advantages causing Aioisscent njokcalcs as tn 

mfflze ntorcscerrtfy-tabeled probes and primers in hybrid- altcrDativc 10 '^icasotejpes, tmprovemcnis in speed, 

izarion assays for detection of nucleic oewfe. economy and convenience would attend the development nf 

a method in which the hybridization event itself provided a 

BACKGROUND readout, without requiring subsequent detection steps, 

— 25 such as caizymaric treatment of hybridized material. 

fcStSLw? «• *^^\J^ ra< ^ Bd « Sl to»" "> molecule which, in thc^ybridiadfflMc. fonn ahairpin 

SSi Si^r f^,«^J°^ to floorcpteTand tocher info^T*- 

Ouipfcx ^pp. 685-708 1972; aod Han^and (1096) Hand- x ^ softSiftiorescewx is quenched. Upon hvbridizife 
^^^e^^ o^^s^A C^ii, Sixth 30 Zlmipiu d^Tarifl^eLcSf s 

bro^d*) ^ for labctog of nuC^'cS^ „ ^^TSa^ ^ " ? 

U83d in seqiienoe-spccinc detection of nucleic acid targets. tJu™ . _ . ^ 

to gtt^wfccnfWscem ouckio acid binding JSs gKK™ bmitag agam ** ootKcovakntly Mad 

deteetic. nabcuJ fluoresc^tcriol mast to rem^d SS^^X^^^fiS^^ 
from t&e syaem, prior to analysis, «, maximize detection of „ nfi~n^,^^fo<- S^J*^ 1 ** * ^ iWf 
a signal. If Unbound mawrial b not removed, bad™" * SSS.fTS?' ^" ^J"^^ 

fti^enoo teds to a ndnetio, in the rignaliS^ ^ D ^°5f*^¥ to , ? ^S"^"^ (^GB) 
„ . . . , . „ • taw teen drscrittcd m U^. Pat No. 5301,155, and in 

dnnhH^Xf nM^L^* h ?!3 5BC "l l * Whaa b f m i to Intcmattonal Patent Applicaifoa No. PCT/US»/07«7. 
^ JT^J^l^J? 001 S^f? (0r J*: ^ pubKctfans describe the ability of minor groove 
d^S^ £lVr 't en , mbOUnd ' h TZ^S « iAuSats ' ^»ited to an ofeonuckotide. to incase 

^S^*T 1\ j5S?^ m' 1 f- AM » tt e' 1 s ^ hoog> - perfcedy-matefced taiget seqneoce mid a target sequence 
S^^aTIT^U"^ fiepin>1 s «P ,en « prafereacss ^ a an^^nncleoTnte mismatch. Ibis heightened dfe- 

cannot be used for nrolhpkz derectron of target sequences matched and mismatched duplexes formed will, inWtf - 

(ie., sunuUaneous detection of more than one target fied o%wucIe<itidc, on the odtor. Tca aJbremcntioned VS. 

b^P 2 ****)' 55 Pat. No. 5,801455, and InteriiaijondPatemArie^^ 

SeveraJ new analytical techniques depend on sequence- PCT/US99/C7487 addition airy diselose that a duplex coov 

speafic detection and mismatch disc rimi rr fti i o n using fluo- prising a MGB-oligonucjeoiide conjugate has & higher melt- 

rcscence as a readout. For instance, homogeneous detection xng temperatiire than a duplex of identical sequence com- 

methods for monitoring The accumulation of specific PCR rmsmg an innnodified oligonuckorids. TMs property of 

products have recently been developed. One of these assays so duplexes comprising a MGB^Kgooucieotidc conjugal* 

utilizes an oligonucleotide probe which ccatains a flnores- allows more facile detection of related rriismatcited 

cent molecule at its 5* end and a fluorescence quencher at its sequences with a MOB-oEgonncleotide probe, and enable*; 

3* end. Because of the presence of the quencher, the ohgo- the use of shorter oligonudec*ide probes in PCR aitmlifi- 

nucfcotfde probo does not exhibit fluorescence, or exhibits cation reactions, if the probe is conjugated to a MGB Thess 

relatively low auoresccncc, in the singlCHSanmded state. Tbe 65 publicatxms also describe the use of an c^goauckotide 

assay exploits the 5^3' nuclease activity of laq DNA coupled to a groove binder, a fluc^ophnrc and a 

polymerase to hydrolyzc such a probe after it has formed a fluorescent quencher, m hydrolyzaWe probe assays. 
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Intercalating agents arc, generally speaking, flat aromatic wavelength* in its single-stranded state, but, after 
molecules that bind rjon<©vaIently la donblB-slramted DMA hybridization, its tnjcrimal fluorescence c misann h shifted 
or RNA by positioning iberocfros between adjacent base lo a different wavelength. In yet another embodiment, the 
pains of the duplex. Gago (1998) Method 14:277-292. VS. wavelength at which maximal fluorescence excitation 
Pau No. 4>835,283 and PCT publication WO 96/50541, few 5 occurs Can change after hybridization of an ODN-BdGB-l-F 
cirample, disclose oligonucleotides that are covalently conjugate. 

*StJ° SL I 1 **?* 3 ***** Bn»P- Olfeomicleotidcs conju- la another aspect, the present urveurwn encompasses 
gated to ertfcer n^nor groove binders or intercalating groups processes for the synthesis of wvalenUy-baulid 
can be used in hybridization essays. oligpnndentide-mioor groove binder-latent fluorophorc 

Hocchsl 33258 and 33342 arc examples of fluorescent « conjugates. The invention also provides novel oorapesitioos 
dyos that bind in the minor groove of DNA duplexes. A for use in the synthesis of ODN-MOB-LF conjugates, 
conjugate^cons^ting of on oligonucleotide coupled to a In yet another aspect, the invention relates to the use of 
HoscnsMOce muse* groove binder has been observed to compositions comprising an oligonucleotide, a minor 
snow increased fluorescence upon hybridization lo a single- groove binder and a latent fluorcphore. in covatenl or 
61 * a99S) Biorg - M&L Chem ~ 15 Amok"*! lmkage p as hybrio^tioo p^s for ftureone" 
?io 4 ^c^S2 ^f?^ 1161 & a°9(>)/.^r. Ch^ Sea detection inlndytlcal and diagnostic methods, These metS- 
118:705^-7062. This conjugate consisted solely of an oli- ods include but are not limited to. PCR fmclnding real-time 
gonurfeotKfc bound to a MOD. PCR), single nucleotide mismatch dissimulation, target 

EP 231 495 discloses a polyuoclcotide compound com- amplification, signal amplification and assays utilizing oli- 
prising at lesat two entities, which upon hybridization is 20 gonudootidc arrays. 

capable of generating a change in property of the hybrid. In an exemplary method for delecting a taxget sequence m 

SUMMARY OF THF imvpntiokt a polynucleotide, an ODN-MGB-IF conjugate is combined 

SUMMARY OF THE INVENTION with a sample containing a polynucleotide -to form a hybrid. 

The present invention provides methods and composi- ^ izatfon mixture, wherein the ODN portion of the conjugate 
tion* for improved hybridisation detection and mismatch comprises a sequence which hybridises lo the targiU 
discrimination by fluorescence- In the practice of the sequence, (he hybridization mixture & incubated under 
invention, an increase in fluorescent signal, a change in conninoca which yield specific hybridization, and thereafter 
fluorescence excitation. aodVor cnaission, and/or some other fluorescence of the hybridization mixture is measured, 
change in fluorescence properties occurs after hybridization ^ wherein fluorescence Is indicative of the presence of the 
of an obgonuclectipe. appropriately UbcEed with a latent target sequence, 

fluoTOpbore and a minor groove binder, to a complementary In another embodiment, the compositions and methods of 
lar S cl - me invention ere used for detection of a target sequence in 

In one aspect, the present invention encompasses a a polynucleotide, wherein the polynucleotide i3 in a sample 
covalently bound oligonucleotide (OPNynrinor groove 15 comprising a plurality of polynucleotides laving different 
binder (MGQ)/Iatenl fliMttopnoTe (LF) combination. The sequences. 

olifl on acleoride comprises a plurality of nucleotides (and/or In yet another embodiment, the composstioas and me un- 
mo difie d nucleotides ond/or nucleotide analogues), a 3* end ods of the invention arc used for detection of o target 
and a 5* end. A minor groove binder moiety is n radical of sequence in a polynucleotide, wherein the polymsclcotidc is 
a molecule having a mokailar weigh! of ajroroximately 150 40 present in a mhrture of other polynuckottrles, and wtereia 
in cpproirimately 5000 Daltons which molecule binds in a ens or more of the other polynucleotides in the mixture 
non-inierc^ting manner into the minor groove of cod- comprise ecqecaces that are related but not «fenifc * 1 to ibe 
finu^c-strandad nucleic acids or hybrids, analogncs and large! sequence. In this embodiment, an ODN-MG3-UF 
chimeras thereof (i.e., double- or triple-stranded conjugate is contacted with the aforementioned mixture of 
polynucleotides) with an associotion constant greater than 45 polynucleotides, wherein the ODN-MGB-LF forms a stable 
approximately lO^M" 1 . The minor groove binder moiety is hybrid only with a target sequence that is perfectly comple- 
eo^alenriy attached at the y end and/or (he 5* end, ancVor to me alary to the oiigonucteotide portion of the cc^poedticn 
at least one of said nucleotides, modified nucleotides and/or and wherein the co reposition does not form a et£bte hybrid 
nucleotide analogues of the oligonucleotide and is typically with any of the related sequences. After hybridization, line 
attached to the olxgonucleotirla through a first linking group 50 fluorescence of the mixture is measured, wherein fluores- 
having a backbone length of no more than about 100 atoma. cence is indicative of the presence of the target sequence. 
A latent uWuphorc is a radical of 0 molecule having a In a further embodiment, the compositions and methods 
molecular weight of approximately 150 to approximately of the invention are used for single-nncleotide imsmatch 
5000 Daltons which binds in an intercalating manner into discrumnatioa. 

i»p-Biii^-6traiided nucleic acids or Hybrids, analogues and 5 s In one embodiment, the competitions arc used for the 
ctnmcras thereof , or hes preferentially in the minor groove, detection of smgU*sfraixfod nucleic acids- The ODN portion 
or m another rnanner is orienied to the Dl^molecule by the of the ODN-MOB-LF conjugate farms a duplex with a 
nunor groove bander moiety so that it becomes fluoresces or singje-suanded target nucleic acid, and interactions of the 
its mmrescence properties are changed in a detectable way. MGB and LF portions of the conjugate with the resulting 
IVpicany. the latent flnorophore is attached to the (rinor * Aula imdem s^ re^ 

groovy binder moiety through a second linking group having other change in the micresccncc properties of the latent 
a backbone length of no more than about 50 atoms. ftuorophore. 

In one embodiment, the ODN-MOB-LF conjugate is In another embodiment, the composihoDS of the inventiori 
relatively rjon-flnorescent in its single-branded state, but are used for detection of touble-Sttanded nucleic acid ta> 
becomes fluorescent after hvbrio^tion to 0 target sequence. *s gets. In this case the ODN portion of the conjugate is 1. 
In another embodiment, the ODN-MOB-LF conjugate may triplex-foaming oh&mudeotide. See, for example, Fresco 
exhibit some fluorescence emission at one or more particular U.S. Pat No. 5,422,351; Hogon, U.S. Pal. No. 5J76,996* 
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and Lamps (1997) Nucteic Acids Res. 25:4123-4131. For- at a ooocemratiOQ of 6,7xl0~ 7 Mr wns measured as a 

maiion gf a triples between the conjugate and a double- function of the concentration of its large* sequence. In I ha 

stranded target results in enhanced fluoiegccgcc, or some upper curve (solid ciicbs), the target was perfectly comple- 

othec change m the fluorescence properties of the latent memory to the ODN portion of me conjugate, having Ihc 

mioropfcoie- 5 sequence S'-TTrCTEAAAACQAArTT^' (SEQ ID NO; 4), 

In another embodiment, the invention provides composi- I n the lower curve, the target, 

dons and methods for the smjuhaeeous oVtcctfon of multiple S^Ti lui JAACACXlAATiT-3' (SEQ ID NO: 5), bad a 

target sequences in a sample (Le„ multiples detection). smgte«aucl£Otide migfrmmh with respect to the ODN portion 

In another embodiment, the invention provides composi- of to conjugate, as todicaied by unn>rlmm^ Hybridization 

tions and methods for amplification of a taiget sequence, 10 wa& conducted lu pH 7,4 buffer (10 mM phosphate, 0.15 M 

wherein the amplification primers) are capable of Nad, 1 mM EDTA) at 25 C for 15 min, 

bybridizatfoiwriggcred fluorescence. This embodiment is FIG. 6. Single -nucleotide mismatch discrimination by 

particularly suitable for various amplification methods in real-time PGR using ODN-MGB-TO conjugates es prime k. 

winch me product s detectable in real time. Symbols are as fbBows: diamonds: matched primer-TO 

In further aspects, ODN-MGB-LF conjugates are zmmo- 15 conjugate (no MGB); Squares: matched primar-MOB-TO 

bilized on a solid support, preferably in an ordered amy. An conjugate; triangles: mismatched primer-MGB-TO conju- 

iinmobOized conjugate can be used for capture of a target X: matched primcr-MGB-TO conjugate, no template, 

polypncfcodide and/or as a primer using a captured poly- Sec Example 9 for details, 

nucleotide as a template. In these and othar applications, the _ ™« « A nn ^ f/ , M tmm 

compositions of the invention ore able io^mnnatc *> MODES FOR CARRTOJG OUT THE 
between closely related pofynucfsodde sequences. 



INVENTION 



In another aspect, the invention provides kits for flnores- Th& invention is directed to the concapt of hybridization- 

cent detection of nucleic adds, and for mismatch discrimi- triggered fluorescence detection of nucleic acids and jno- 

uatjou between related nucleic adds, whs rem the kits com* vidss the basis for a new class of rliagrtfwilTr probes for 

prise at least one ODN-MGB-LF conjugate, detection and mismatch macriminafirm of specific DMA 

BRIEF DESCRIPTION OF THE DRAWINGS and/or RNA sequences. 

The basic constructs of the invention involve covalfint 

HG. L. Schematic representations of ground (S^ and conjugates of an oligonucleoticte 

excited singlet (Sj) slates for an exemplary cyamne dye. a potentially fluorogenic reporter group. In one 

FIG. 1A depicts radianonkss decay by free dye. FIG. IB configuration, conjugates of the inventiOD have the structure 

showsnuoresceEt emission when romnon about the cyoome- ODN-MGB-LF. These can coasxinne an essentially hncar 

methfoe bond is restricted, for exmnple, by intercalation of arrangement of the ODN, MGB and LF components such 

the dye into a nucleic acid. that a MGB has an ODN attached to one end and a LF to the 

~i HG. 2. Fluorescence of single- and donbte-stranded tbia- 35 other, or on arrangement in which an ODN ac£>a LF arc 

zoic orange-minor groove binder-oligonucleoafds conju* attached to the same end of a MGB. In another 

gates. FIG. 2A shows hybridation-triggered fluorescence configuration, the conjugates of the invention have a fluo- 

wilh a conjugate, TO*MGB-5'-CAAnTAAAGAA»3' (SEQ rogenic reporter group cavaleolry interposed between an 

ID NO: IX containing an XT-rich sequence; FIG. 2B shows oligonucleotide and a minor groove binder, to give a struc- 

hybridization-trtggeted fluorescence with a conjugate, w rare which can be represented ODN-LF-MGB- 

TO-MGB-5^1TCCCOAOCGGt>3' (SEQ ID NO: 2), con- The fluoTOgcoic reporter sroUp is chosen such that hybrid- 

laining a GC-nch sequecce. See Example 1. in&a, for izatioo of the oligonucleotide to a complementary target 

hybridization coadinons. sequence results in an enhancement, at a particular 

FIG. 3. Effect of a minor groove binder on hybridization- wavelength, in the fluorescence quantum yield of the fluo- 

Kriggored fluorescence. FIG. 3 A shows fluorescence of the 45 rogenic reporter group. Accordingly, the fluorogenic 

ODN-MGB-LF conjugate TO-MGB-5'- roponcx group is also known as a latent flnorophore (LI). 

CAATTAAAG AAAAGAAO-3 ' (SEQ ID NO: 3), as a func- Enhanoemem to fluorescence incensiiy can result from bind, 

tion of its concentration, in the presence of an equimolar iog of the reporter groan) to the hybrid formed between tire 

concenlrahtm of its complementary sequence. FIG. 3B oligonucleotide and the target sequence, from a particular 

shows fluorescence of a ODN-TO conjugate, containing the 50 positioning of the reporter group with respect to the hybrid 

same sequence but ladang a MGB, as a function of its thus changing the environment of the fluorogenic repoxfrr, 

concentration in the presence of on cquimolar concentration from intercalation of the reporter group into the hybrid, 

of its complementary sequence. "F" on the ordinate refers to and/or from restriction of rotational movement of the fluo- 

fluorescence intensity, in arbitrary units. See Rrampie l p rogenic compound a* a rcsuft of bybridizatian. 

infra, for hybridization conditions. 55 Pof ^ purposes of the invention, hybridization includes 

FIG. 4. HybrioWron~triggered fluorescence in a DMA- interaction of an oligonucleotide with a singte-strandnd 

RNA hybrid. FIG. 4A shows fluorescence spectra of a nucleic add to form a duplex, as well as inter adion of «tn 

15-mer poly dT-MGS^2-<toeu^lenimonaphmalene-6- ol^ooucleotide with a dputde*<! ram1c d n ucleic acid to form 

«dfonamide) conjugate (SEQ ID NO:24) at a concentration a triplex For detection of double-stranded nucleic acid 

of lxl 0~ 7 M (bower trace, labeled "SS probe") and a hybrid $0 targets, the oligonuclcotidr portion of the composition is a 

of this probe with a two-fold molar excess of a poly rA target trrplci-formmg oligonucicoddcs Design of triplex formiiig 

(upper trace, labeled "Hybrid duplex^). Hybridization was oKgonucleo tides, based on oon-Watson-Crico: base-pairing 

conducted in 10 mM phosphate, 0.15 M Nad, 1 mM EDTA* schemes, such as Hoogsteen and reverse Hoogsteen base 

pH 7.4 for 15 min at 25* C FIG. 4B shows the srructure of pairing, is well-known to those of eldU in mc art See, fijr 

the conjugate (SEQ ID NO: 20). &5 example, Fresco, supra; Hogan, suora; Lamps, supra; and 

HG. S. Discrmunation beHvcen matched and mismatched Ornstem ct al. (1983) Proc. Natl Acad. Set. USA 

target sequences. Fluorescence of conjugate 3 (see Tabic 2), 80:5171-5175. For detection of a duplex target, a tripletc- 
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forming oligonucleotide is linked to a MGB through <m oaturaUy occurring nuckotidca, modified nucleotides and 
approve linker h-vfag a baekfcone of approximately 100 nucleotide tnibgL thot anconiprise an ODN^cs^ar 

fl™S?' ^ f m rum . lmkEd * « lMeBI P oonfignrMion, the piirinebases a« aflached to fte so™ 

flooTOphorc > throngn a hater of approximately 50 atoms j moiety via the purfoe 9-posinon, the vynmm^lX 
prefoabfy 40 atoms more preferably 30 atoms, more pref- pyrimkfinc l-poriiion J Itbe ^waaolJSd^ v£ he 

S24 more 10 — m <* ^^5^?^^ to thc 

_ . 7 punne 9-posmon). fa a preferred embodiment, the sugar 

The invention provides selected latent miCJrophore-MGB- moiety is 2Kieoxyribo$e; however, any sugar moiety known 
oltgonucleotide conjugates whidi exhibit increased fincres- 10 to those of skill iu the an, thai is compatible with the abflity 
cencc upon hybridization, compared to the latent °* oligonucleotide portion of the compraiions of the 
fluorophore-MCB^ligonucleotidc oonjegatc alone. The invention to hybridise to a target sequence, can be used 
mventme l am combines the enhanced hybrid stability and In one embodiment, the nucleoside unite of the ODN 
mismatch discrimination obta,ned with MGB- portion of the conjugate are linked by a phosohodiesier 
ol^o^otiae conjugates for example, U.S. PaL No. is backbone, as is we U known** ^JL P ln^oSal 
S^™ 5 '^ kjeroaoonal Patent Abdication No. PCT/ embodiments, inii^lcosidelin^ mdiip^myKnk. 
Eri^' ° f ^ toown to erne of skiU in tne^a?£S^^ 

detection by bybnamtioo-tnggercd fluorescence, specific hybridization of the ODN mcludwg, but not limited 

The practice of the invention Will employ, unless other- to pnosphorothioate, meAyJpbospnonate, suifamate (e^ 
wise indicated, conventional techniques in organic 20 U.S. PaL No. 5/170,967) and polyamide (Le., peptide" 
cbemistry, biocfaemislry, oligonucleotide synthesis and nuekic acids). Peptide nucleic adds are described in Nielsen 
modification, bioconjugate chemistry, nucleic acid *t <d- (Wl) Science 254: 1497-1500; U.S. Pat No. 5,714, 
hybridization, molecular biology, microbiology, genetics, Nielsen (1999) Curr, Opvu BiotechnoL 10:71-75. 

recombinant DNA, and related fields as are within the sloQ Thus, for example, part or an of the ODN portion of the 
of the art These in rhniqiin are miry explained in the 25 conjugaie can be a peptide (polyamide) nucleic add (PNA). 
EJSSS^^I !23S5' Manians, Fritsch & Sambrook, In certam embedments, the ODN portion of the conju- 
^S^S ^NXNG: AI^BORATORY MANUAL, gale canbeachinxrfcii^lc; ie. thV^cln^uS 
^J?*H5 -^.^S?^ Press Sambrook, more than one type of base or sugar subunit, aooVoTtbe 

Z^Jt ^^^ T M ? m::l;LAR CU*™* ALABO- w liiikae^canbeofmoretMnc^ 

RATORY MANUAL, Second Edition, Cold Spring Harbor 30 For example, the ODN can be a PNA/DNA chimera. See for 
I ) l^^P^&^J^^J} d - CURRENT PRO- example. Nielsen (1999) supra; and Koch et al. (19*) 

[ ) pCOLS DST MOLECULAR BIOLOGY, John Wiley A Tetrahedron Letts. 36:6933^936\ In addition, the ODN can 

^SS^L^Li ^ GUES: PRACTICAL tail moiety is mstinnnJshed from the minor eroove binding 

^rt . i T moiety, which is preferably also attached to the 3* or 5' end 

Tbe disclosures of all rnibhcations and patents cited of the ODN. or to both. The tail moiety, if present, is 

herein are hereby incorporated by reference in their entirety. ^ attached to the end of the ODN which does not bear the 

Oligonucleotides minor groove binder moiety. By way of example, a tail 

Broadly speaking, the oligonucleotide portion of an moiety can be a phosphate, a phosphate ester, an aDcyl group, 

ODN-MGB-LF conjugate comprises approximately 3 to 100 arniDoaikyl group, a lipophilic group, or a molecule as 

nucleotide units. However, longer ohgoneckotides are also disclosed, for example, in U.S. Pat. Nos, 5£l2j&67; 5,419, 

encompassed by the invention, and the term oligonucleotide 45 5*574,142 and 5,64(5426. 

is not mlended to be Hauling with respect to me length of the Variations of the bases, sugars, intemuckosode backbone 
molecule to winch the term refers. The nucleotide units and tail moiedes of the ODN portion of ODN-MGB-LF 
whi ch are incorporated into the ODNs in accordance with conjugates wiB be compatible with the ability of the can- 
ine present iirveniioo include the major heterocyclic bases jugates to bind toaUrgasccnicnccmaman^ 
naturally found in nucleic adds (uracil, cytosme, thymine, 50 minor groove binding moiety is incorporated in the newly 
adenine and guanine) as well as natnrallyoccurring and formed duplex or triplex and thereby increases the melting 
synthetic n torKflcalions and analogues of these bases such temperature of the newly formed duplex, (ie., increases the 
as, for example, by poxanihine, 2-amino adenine, stabiliry of the hybrid) as described in U.S. Pat. No. 5,801 , 
2-ttuouracil, 2-thio thymine, 5-N 4 ethenocyiosine, 155; Iiiternatioiial Patent >^Hcatic« No, PCT/US99/07487; 
4-amiiinnyrrazolo£3,4-d]pyrimidine and 6-amiao-4- 55 ^lyavin cl al, snpra and Kamur ct al (l99S)AucteicAdds 
hydrcorH 3 ^h^iiimdii}e. Any modified nucleotide or Res. 26:831-83$ and with the ability of the LF to unnVzgo 
nucleotide analogue compatible with hybridization of the bybridizaXioi>thggered fluoresce oce. 

^^^^^J^^T^^^ Formation of a hybrid between an ODN-MGB-LF cod-. 

T^^a tenvetoontcvcnittix mocafied nucleotide jngate and a target sequence results in an increase m 
or ^cleoiidn analogue u.clf does not partite in base- w fiuorescence quannim yield or a cbange in me^Wtion 

21^1^ ProPWt * 5 t0 ^ emkskM ^«ra of the LF.In^hi of the fere^ing. 

natoalry^ocmimng nucleotides. those skilled in the art will readily understand thaV 

) Tno sugar or glycoside portion or the ODN portion of the primary structural Unniaiion of the varans component pam 

conjugates can comprise deoxyriboae, ribose, of the ODN portion of the ODN-MGB-LF conjugate axe 
2-fluoronboac > and/or 2^Valkyl or alkenylribosc wherein as related to the ability of the ODN portion to form a hybrid 

the alkyl group comprises 1 to 6 carbon aiocen and the with a specific target sequence. Thus, a large number of 

aBrenyl group comprises 2 to 6 carbon atoms. In the stmctural modifications, both known and to be developed 
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•re possible winim these bounds. Moreover, synthetic metb- stranded nucleic acid, including DMA, RNA. DNA-RNA 

oda for prepamig the various heterocyclic bases, sugars, hybrids and mickiTjrfd chinWluS P^©NA 

^ nuckotides which form (be ODN portion of chimera Minor groove binders have widely virvinn cherui- 

ODN-MGB-LK conjugates are wcUsJcvclopcd and known cal structures, all of which are capable of btodtogwitfaii j a 
id the art. For example, N* f N 4 -eihano-5- 5 minor groove having the geometry aod dimensions 

memyldeoxycytidine, its nucleoside, nucleotide and/or oli- described above. For example, certain MGBs are capable of 

gonnckottdes incorporating this base are synthesized in forming a crescent -shaped three dimensional structure 

accordance with the teachings of Webb et aL (1986) tfucleic Maa y minor groove binding compound* have a strong 

Acids Res., 14^7661-7674; and Webb et *l (1986) J. Am. for A*T (adenine and thymmc>roh regions of 
Chem. So* 108:2764. 4^tnnpyr^lrf ^.d-^y^ ^^f^ 10 Ihe B form of double-stranded DNA Without wishing to be 

6-amino-4-hydroxypyrazolop,4^dhjyrimidine, their J**""! t** 0 **' * possible that tins preference is cine, at 

nucleosides, nudcotidea and oli^onudeotidcs incorporating 1 m ***** lo 5teric inierfeveuec of MOB binding by the 

fbese bases are synthesized in accordance with the teachings 2sunino group of guanine. However, if guanine is replaced 

of Kazimicrczuk el aL (1984) J. Am. Chem. $oc. by hypaxanthine m an ODN-MGB-LF conjugate* the poten- 

10&6379-6382. Preparation of ol^cowdcotides of specific is ^ MtcrizKiict is reduced and brading of a MGB 

predetermined sequence is conducted in accordance with ihe conjugate to a G+C-rich sequences is enhanced, 

state of the art A preferred method of oligonucleotide Accordingly, ODN-MGB-LF conjugates incorporaiing a 

synthesis incorporates the teaching of U.S. Pat. No 5 419 radic41 OT nmiety derived from a minor groove binder 

966. ' molecule having preference for both A+T-ricb and G+C-ricb 

Minor Groove Binders 2D m ^ ons m within Ihe scope of the invention. 

In duplex DNA, Utc two anlrparalkl phosphodicsler back- Jf^^^K^^ 0C * B P^ ds **** 

bones do not Ke dirccdy ophite ^TSSTSmZ nZ££Srfe TZ*™* 

lougfrufraal axis of the du^eTLlecuk; raiber u£y are S^ ^l^ pDN-MGB-LF conpi- 

tL^Jr^^Zi^^ P ™™* B p4th mS^ch as pemamidinc^^ SS 

^ r JS?° VC bmdere 310 30 CC-1065 and lelated^tobctolc and indole vSvSS 

moJeculcs that, by virtue of their size and/or structure, are 30 w^>«i into a^l *y "™ 7TT , J 

/ \ capaWoofmteialu^ ^^^^^If^^^^^ I?** 0 ' 

) end triplex polynvclc^des P * ? nmber °* oligopeptides consisUug of naturally- 

^jyv^uw, ocenmng or synthetic amino acids are rrimor groove binder 

As noted sirpra, a minor groove binder (MGB) is a compounds. The cbemical structures of several exemplajy 

molecule that brads withm the minor groove of double MGBs are illustrated below. 
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I ) For the purposes of the invention, a molecule is a MGB 

if it is capable of binding within the minor groove of 
double-stranded DNA, double-straoded RNA, DNA-RNA 
hybrids DNA-PNA hybrids, hybrids in which owftrtrand is 35 
a PNA/DNA ctrimera and/or polymers containing purine 
and/or pyrinn'dine bases and/br their analogues which are 
capable of base-pairing 10 fbroi duplex, triplex or higher 
order structures comprising a minor groove, wherein said 
binding occurs with an association Constant of ID 3 AC 1 or *° 
greater- Such binding can be detected by any method known 
in the art including, but dot limited to, wcll-esrabHshed 
Spectrophotometry: methods, such as ultraviolet (TJV) and 
nuclear magnetic resonance (NMR) spectroscopy, and gel 
electrophoresis. Shifts in UV spectra of nucleic adds are 45 
observed upon binding of a MGB molecule, as are changes 
in NMR spectra, analysed utilizing the Nuclear Ovorhauser 
(NOSEY) effect Gel electrophoresis detects binding of a 
MOB to double-stranded nucleic acid, because upon such 
binding the mobility of the double stranded nucleic acid 50 



As noted above, for the purposes of the invention, a 
molecule is a MGB if its association constant within the 
minor groove of a double stranded nucleic acid is 10 s M~* 
or greater. However, certain MGBs bind to high affimry sites 
with an association constant on the order of Id 7 to l(rM~\ 

Thus, both structural and functional guidelines for the 
identification of MGB moieties have been provided. 

In addition to the molecular structure winch causes mmnr 
groove binding, the MGB moiety can also comprise addi- 
tional functions, as long as those functions do not interfere 
with minor groove binding ability. 

In accordance with the present invention, the MGB mol- 
ecule is denvutiied, Lc, formed into a mftcai, end hnkod to 65 
appropriate chains of atoms that attach the MGB to the ODN 
and/or to the LF. The radical formed from the MGB mol- 



55 



60 



ecule is hereinafter referred to as the a MGB moiety" and Hie 
covafcut linker (which can be a chain having a backbone of 
up to approximately 100 atoms) thai attaches the MGB 
moiety (o the oHgonucieotide or to the latent fraorophore is " 
called the ''linking group." Preferred MGB moieties arc 
described in U.S. Pat No. 5,801,155. 

In a preferred embodiment, the minor groove bindur 
moiety is covakntly attached to either the 3'-or 5 1 -end of the 
otigpnnc leot i dc. through a terminal base, sugar or phosphai c 
moiety, or through a tail moiety attached to one of these 
moieties. In addit i onal embodiments, the MGB is attached lo 
a nucleotide in an internal position, particularly to the base 
portion of the nucleotide. 

Latent Fruorophores 

The invention provides compositions and methods, 
involving the use of latent fluorophoms, for detection of 
-nucleic acids by hybridization-triggered fluorescence. A 
latent flvoiophore is a molecule in which a physical property 
of the fluorophorc is altered by its interaction with duplex or 
triplex nucleic acids, resulting in a change in the fluores- 
cence spectrum and/ox an increase in the fluorescence ouac- 
tum yield at a particular wavelength, and/or a change in 
seme other fluorescent property of the molecule. A change 
in fluorescence spectrum can include a change in the absorp- 
tion spectrum and/or a change in the emission spectrum. 

The majority of interactions between imdU-ctranded 
nucleic acids and their Hginrfo can be described in terms of 
two types of binding interactions: intercalation and groove 
binding. Groove binding includes both major groove bind- 
ing and minor groove binding. All of these binding interac- 
tions can be exploited in the design of latent fluorophores. 
For example, intercalation within a double-stranded DNA 
molecule can result in a decrease in the rotational freedom 
of a ligand, and/or a change in the dielectric environment 
that the ligand experiences. The invention provide?; 
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examples of hybndizadon-triggered enhancement in Quan- 
tum yield resulting from both intercalation and groove 
binding. Examples of latent flooro chores and methods for 
determining whether a molecule has the properties of a 
latent fhiorophore are also provided. 

Qsrtaio cyanine dyes (sea FIG. 1 for exemplary structure) 
are viituaUy aon-fluoiesccnt in the absence of nucleic acid. 
When free in solution those compounds transit from the 
excited singlet state (SJ to the ground state (So) in a 
radiaiionlcss process invorvina loss of excitation energy by 
rotation about the cyanine memine bond (FIG. 1A). Cyanine 
dyes interact with doabb-stramled nucleic acid by interca- 
lation. Intetcalartaq prevents free rotation about the cyanine 
metbiae bond and causes (be dye to lose excitalfon ecargy by 
fluorcscenoe emission (FIG. IB). Thus, without wishing to 
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Compounds such as the aforementioned and Ifetir 
derivenves, whose fluorescence properties (such as quantum 
yield, absorption maximum and/or emission maximum) are 
sensitive to the polarity of thair eovironmcnt, can be coupled 

5 to a linking group Tor attachment to a MGB (see below) and 
used as latent Anorophorcs in the practice of the invention. 
As one example of the use of ibfe type of latent ftnoxophoie, 
Table 2, infra, shows an increase in fluorescence quantum 

lo yield for an oiigooucleotide-MGB-(2- 
dimemylaznmonaphtha2ene^ ceajngate upttn 

hybridization to a complementary DMA strand (conjugate 
83, sea also FIG. 5). 



A numbar of cooamjercially-avoilflbl© compounds, which 
^ *f. UD ? b * lbcor y* a potential mechanism for 15 exhibit eovironment-sensitive fluorescence after 

with riuctek add. Accmdin^ also useful. These include 6-acryloyl-2- 

similar properties are pmaofcl latent ftiorophores. dunethylanunonaphtioalcnc (acrylodan) and 4-fluoro-7- 

In another asped of the invention, bybridizarion-tzi^ared M m^fobaago&razan (NBD). In the syntteds of ODW-MGII 



increases in ftuOffeftXcce quantum yield (ex Otlier changes in 
ftiorescencc properties) result from a change m the envi- 
ronment experienced by the latent fluoropbore as a result of 
an mterachon with double- or tripte-strunded nucleic acirL . [1 „ TI „^,., mjt 
Pot example, n fluorescent reporter group w01 cxpcricnc? a 25 s9-lOSQ-iOsl 
more hydrophobic en vir o nm ent (jLe., a decrease in dielectric 
constant) when intercalated or when posilioned in the minor 
or major groove of a double -stranded nucleic acid. 
PROD AN (6^ropioayS-2^memylannmjnapnmalenfi) and 
2^dimclIhykmino;naph{h^ are examples 30 

of miorogenic reporter groups having structural features 
such that ihdr quantum yield and/or absorption masima 
and/or emission maxima are sensitive to ink type of change 
in cirvironmenL Compounds such as these have a large 
rhpote moment in (be excited stale, as a camssquecee of 35 
charge delocalsatmn between an electron-donating group 
and an electron-accepting group. Exemplary electron- 
donating groups include, but are not limited iCsNoiO atoms 
having an electron pair available fox extended charge 
localization, for OEampJa, RQ — add (RiXRJN— * wherein 40 
S, R| and are independently H or aEryl, and wfitarofo R x 
and a& con olso be part of q 5- or oHEsmhxHpd ring system . 
Eseanphry el&sSron-aoceptBJB ssosp© meted®, bus asa mtt 
Bmited to, — NCX^ — G(=0)_, —i(=S)— p — Cr>=0>_ 



LF conjugates, their reactive group can be reacted wiifa 
nucleophOzo groups, for conjugation to a MGB moioty, by 
methods known lo those of skill in the ait Ses f for exampk, 
Casas-Ffeet et al. (1992) Proc Natl Acad. ScL USA 



Additional examples of latent ftnoraphoxes, which can be 
attached to ODN-MGBs using methods known in the art 
(c,g., Haugland, supra) include: 

(1) derivatives of the structures represented by Formula 1 




wherein ^ and arc isdependsndy — Kl or— CEy^CTg 
vThcrernoOroS.mJ^or R^and^ CQgstfeerfbtSiQS-or 



NH— , — CN, ^0), — SOM)^— , w^s(=o) a _ 45 &-mecdiercd ring system containing ono or more Q 13, O 
NH — , and — O^GCCNXt. The group (— )r^C(— X~ ) " ^ 
ean also serve as an electrc^acccpring group, wherein N 
and C can forth be part of a ring system or C atone can be 
pan of a nog system. In general, electron-donating and 
-accepting groups and their properties are well-known to 50 
those of skill in the art 

Additional environorent-secairivc flnorogenic species, 
capable of delocalizing electron density via conjugated 
election do«or^ec*ion ccccplor groups, incruda derivalives 
of 2H^cthyIammni)aprjth and the 
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of 



S-dimcttylamiiion aphtha 
4-(N«memylarnino)k7*ni< r*J*t y^n^rx^^^n^ 
6*anilmonaphthaleoe*2-suJfon amides, derive lives 

pyridylnxazojes, 
1 ^ainfUnnnftphftiaiflTwU^cujfojr]^ Qcdd, 2 si nilinc naph thaleEe - 

6-snlfomc and, 
2^^ohiidmyl)naphU»al6iu^ acid; N-phsnyl-1 1 - 

naphibylarmne, tmazolc orange, oxazok yellow, tbiazok 

blue, thiazok green, 4^dkyanovmyl]julc4iduie, 
^inicmylammo^'-nlrrcsiilbena, Mile Blue and NDe Red, 

Sec, for example, Haug>nd, supra. 
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and/or S atoms; 

R n contains one or more of the eiectron-wiifcfoawlng 
groups — C(==Oy^ — O(=o)^-0— i -<3(c=iO)— 
Ntt^-, —C%=S)—M^-, ^-Nb=N»> — S(=0)- , 
-S(=0>r-. — S(==0>--^rH-s 
Rjjk — H or a linking group comprising a reactive group 
that reacts with hydroxyl, amino or snlfhydryl 
nucleophiles, and has a backbone between 1 and about 
SO atoms long, wfoerein can cemtain tax atoms H, C , 
N, OP and/or S, and wherein. R^ can contain one or 
more of the groups — S — > — NH — , — O — , — NH — 
C(=3<>) — , — NH — C(=0) — NH — , — NH — C 
(=S)— , NH-0(=S>-NH— f —0-^^=0)^- 
N»-, -0^^=0)2—0—; and 
eacfi of R 12 is mdepsndanlly — H, a halogen; NO z ; 
— COOH; — CONH^ — C0NHR 6 ; — CONCft^; 
—OR fl ; — SOgH; — SOaNHj; — S0 2 NHR^ — SO a N 
(R^ — SR^; — R^ C(=0) — 0 — R^; or — N(Rg> 
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wherein R„ Is — <CH 2 X,CH S where m-0 to 5; 

wherein R, and R,„ are defined &s above. 

(2) derivatives of the structures represented by Formula 2 



20 



(5) derivatives of the smictureK represented by Formula 5 



(TV 




is 




wherein Z is — O — oi 
n is between 0 and 5; 

Y is H. — {CHaX.CH, where m-0 to 4, or wherein 
Rtt is defined as in Formula 1; and 

Ru is defined as in FortauU 1. 

(3) thiazole-indoline derivatives as shown in Formula 3 



Forninli 3 



20 




effcy 



wherein X is — O — or « 
d is between 0 end 5; 
Y is defined as in Formula 2; and 
R 12 is defined as w Formula 1. 

(4) derivatives of 4-(N^cmylammo)-7-itftro-2,l,3- 
bcDZDxazoJe as represented by Formula 4 
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wt^mRaaaadRaBaremdcpcndcnUyR^R^RjjJLuor w 
R«i where Rg, R JO , R u and R^ are defined as in 
Formula 1. 



wherein R i3 is defined as in Formula 1; and 

Rao is — H. — (CH^CHa where m^> Co 5, or R^, where 
R^5 is defined as in Formula 1. 

(6) derivatives of me structures represented by Formula 6 




ftmnub 6 



wherein R u is defined as in formula 1 and R^ is defined 

a$ in Formula 5. 
(7) derivatives of me structures represented by Formula 7 



jr 



Pdromlh7 





wherein is defined as in Formula 5. 

(8) derivatives of the structures represented by Formula £ 




Formula 8 



wherein R20 is defined as in Formula 5. 
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(9) derivatives of the structures represented by Formula 9 




J%nnula9 



10 



wherein is defined as in Formula l. 

(10) derivatives of the structures represenled by Formula 15 
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groups R„ wherein R X] includes an electron- 
withdrawing group such as, fer example, — C(a-OX 
_C(=0)-^O-> — <X=— O) — NH — , — C(=»S} — NH — , 
— N=N— . -5(=±0)— , —S^oXr- and — $(=0)*— 
NH— and R^ is defined as described supra. Whoa the 
configuration of the conjugate is ODN-MGB-LF, the LF is 
linked to the MGB by a single lining group; when die 
configuration of the conjugate is ODN-LF-MGB, two link- 
ing groups are attached to the LF: one to the ODN and oijc 
lo the MOB. 

The invention has identified structural features in organic 
molecules that qualify mem aa potential latent flnoropboirs. 
The general features of candidate compounds arc shown 
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group 




linker 




group 
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wherein R u is defined as m Formula 1 and R^ is defined 

as in Formula 5. 
(1) derivatives of the structures represented by Formula 
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wherein R 4Q and R i3 are denned as in Formula 1; and 
is denned as in Formula. 5. 

In one embodiment, a latent fluorophore ft covaleotly 
linked to a MGB and/or an ODN via one or more linking 
groups. A linking group can be R^, wherein R^j comprises 
a backbone of from 1 to about SO atoms, preferably 40 
atoms, more preferably 30 atoms, more preferably 20 atoms, 
still more preferably 10 atoms and most preferably $-6 
atoms containing C, H, N, O, S and/or P atoms, and 
comprises one or more of (he groups — S — , — NH — , 
—a—, —m— <%==<>), — NH — C(«=«0)— NH — » — NH— 
C(«S)h-» — NH — Cd=S) — NH — , — O— P(— OXr-O— 
NH— and — 0 — P(=0)a— . See infra for fiuther dis- 
cussion of Hwtnwg groups. In addi t ion al embodiments, 
linkage between a LF and a MGB and/or an ODN is via the 



A candidate latent fluorophore thus requires three differ- 
ent structural features, designated I, II and III above. I and 
IH are respectively electron donating and electron accepting 
groups connected to structural feature U, a resonance Unfair 
which, by allowing interaction between groups I and IH, 
permits extended charge localization with large dipoJo 
moments. Ekctron-donaling and eleeir on- accepting groups 
arc well known in the art. Exemplary e$ecror>oooarfDg 
groups include Not O atoms with an electron pair available 
ibr extended tocattz&rion, e.g. RO — or (RXRJN — > wherein 
R, Rj and Ra are independently H or alkyl and wherein R x 
and Rz can together form a 5- or 6-mcmbercd ring system. 
3 Exemplary electron- aooeptkg groups include, but arc not 
limited to — NO* — C(=0>—, — <X=&h- . — C(^0)-- 
NH— . -CN. — N(«0). —S(e=*Gh— —8(—0)r- 
NH— — C=C(CNl2 (— )1*=0(— )(— ) wherrb N«nd 
^ C can be part of a ring system. Resonance linker groups 
include aromatic ring systems and/or conjugated double and 
triple bond moieties. Structural features I and m are sept- 
rated by at least one conjugated double or triple bond, 
to another embodiment, methods for identificatiou of 
45 environment-sensitive fiuorophorts are provided. A coo 
pound is tested by determining its fluorescent spectra in four 
solvents with different polarities. Solvents having the req- 
uisite properties will be apparent to those of skill in the an. 
Id one embodiment, the solvents are water, methanol, etha,- 
50 nol and ethyl acetate; having dielectric constants of 78.54, 
32.6, 243 and 6.02, respectively. As an example, the fluo- 
rescence intensities of R number of known LPs wens evalu- 
ated is water and in emanol as shown in Table 1. Based tm 
these results, a compound whose fluorescent signal in ethyl 
acetate, emanol or methanol is about six-told or greater (hit 
its fluorescent signal in water is a candidate latent fluoro- 
phore, It b nicely that even smaller differences in fluores- 
cence between different solvents, U.„ on the order of two- or 
three-fold, is indicative of a candidate LF. Fmther evaluation 
of a candidate LF is accomplished by synthesis of its 
ODN-MGB conjugate and testing for hybridization- 
oiggcrcd fluorescence. Id addition, a compound that exhibits 
changes in fluorescence excitation andYor emission maxima 
65 in less polar solvents, instead of or io addition to an increase 
in nWesccneo quantum yield* is also a potential latent 
fluorophore- 
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Eovironmsni sensitivity of fluorescence was tested for 
two related oomsjounda, one of which (Compound A) coo- 25 
lained structural features I. II and 01 as described above, and 
one of wmcb (Compound B, a reduced derivative of Com- 
pound A) did col These compounds were synthesized 
according to Boger el al. (1987) /. Org. Cham. 
52:1521-1530. As predicted on the basis of its structural 30 
features, Compound A exhibited a 31-feU difference in 
fluorescence emission between lis warer end ethanol solu- 
tions. Reduced derivative B showed only a two-fold differ- 
ence under similar conditions. In Right of (he results pre- 



and ihc LP occurs through a chain of no more than about 50 
atoms, preferably 40 atoms, more preferably 30 atoms, more 
preferably 20 atoms, still more preferably 10 atoms and nusa 
preferably about 5-6 atoms and the linkage between the LF 
5 and the occurs through a chain Of no more than about 
50 atoms preferably 40 atoms, more preferably 30 atoms, 
more preferably 20 atoms, still more preferably 10 aioins 
and most preferably about 5-6 atoms. 
Generally speaking, the linking group is derived from a 
10 biftmctionfll molecule such that one functionality (eg., an 
amine) is attached, ten example, to a 9 phosphate end of m 
ODN, and the other fiiBctionafiry (e%g., a carbonyl group) is 
coupled, for example, to an amino group of a minor groove 
binder moiety. Alternatively, a linking group can be derived 
from an amino alcohol so thai the alcohol function is linfe d, 
for example, to a 3'-phosphaie end of an ODN and the amnio 
function is linked, for example, to a carbonyl group of a 
MGB moiety. Additional linking groups include amino 
alcohols (Attached, for example, to the 3'-phosphate of an 
20 ODN via an ester linkage) linked to an annnncarboayhc acid 
which in torn is linked En a peptide bond to a carbonyl group 
of a MOB. See ILS. Pal. No. 5,801,155 for fiirther disclosure 
relaxed to linking groups. Thus, preferred embodxmcins of 
the linkin g group have backbones containing the atoms C, 
N, O, P and/or S and con contain one or more of the groups 
groups — NH — , — O— , — C(=Oy- , — 0-C(=0)~, 
— NH — C(j^O) — , -C(=0)NH_ — NH—C<=0>- 
NH-p — NH — C( S S) — f — NH — C(=S) — -NH — ( 

— $(=0)— , — S(«n=0)— , —S^^—m— ad 
— S S . Preferably the MOB moiety is separated by not 
more than Approximately 100 atoms from the ODN and not 
more than approximately 50 atoms from the U?. 
Accordingly, mare preferred embodiments of linking grout 
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seated in Table 1, tkc cnviromneat-^cstfve cnaracteristics 35 include, for esampn^ ^aUOf^NHraysCf^ 

of Ccnnpound A suggest its use as a latent fruorophore. and — C^CH^aNH , 

Preferred embodiments of ODN-MGB-LP anrjugates are As mentioned supra, the presence of a latent mcoropfeore 
those in which the latent nuoropfcor* m covalenUy attached rendeis a composition readily detectable by an increase or 
to the MGB and/or the ODN in a mamtsy thai maintain* or decrease in a discernible physical or chemical characteristic 
enhances its ability to undergo hytairiiTa hno-tri^ered flno- 40 upon hybridization to a targei sequence. In one embodinzeot, 
rescence; for example, by allowing rotational freedom a latent tronropbore ts covakntly attached to a minor groove 
between the aed the remainder of the conjugate. Methods binder moiety by a linking group. The 
for attachment of fluorophorcs to MOB andA* ODN moi- 2«limcmylam«ODaphtho^ function is an 

ctcs hi this manner; and the chemical principles involved, example of a preferred emoodiment of o Intent fluorophoru, 
ore known in the art and ore dsscribsd intra end, for 45 which can be attached to a carbonyl inaction of the minor 

groove binder through a — Hr^CHy^NH — bridge, where 
m is such mat the length of the linker between the MOB and 
the LF is so more than about 50 atoms. Hie latent fluoro- 
phore can be coupled to one end of this bridge by chemis- 
tries known in the art, for example through the use of 
coupling groups such as — O^0\ — O— C£=OV— 
-WH-O(=0), _NB--G(==S)— and -<^— . 

Alternatively, a reactive group can bo attacned directly to 
a LF to facilitate its coupling to a linking group of a MOB 
or ODN. Such reactive groups include, but are not limited to, 
moieties such carbonates, isocy mates, isothiocyanates 
mono- or m-sabstituted pyridines, makimides, nzrririines, 
acid halidss, sulfbnyl nAhdes, monocnlorotriaxines, 
80, more preferably 60, more preferably 40, more prefcre- mchlorc^riazincs, hydxoxysulrnsucdir^^ esters, hydros- 
aWy 20, still more preferably 10, and most preferably about so ysnccimmide esters, aadoaitrophcnyls, azides, aldehydes 
5-6 atoms, and the linkage between the MGB and the LF ketones, glyoxals and 3<2-pyridyl dithm>i>ropmnamioe. 
occurs through a chain of no more than about 50 atoms, Hybridizanon-Tri^pared Fmorescent Probes for Betec- 
preferably 40 atoms, more preferably 30 atoms, more pref- lion of Double-Stranded Nucleic Adds 
erably 20 atoms, still more preferably 10 atoms and most ODN-MGBU conjugates can be used for detection of 
preferably about 5-6 atoms. Another configuration of the 65 both single-stranded and double-stranded nucleic add tar- 
conjugates of the invention has the structure ODN-LF- gets, for detection of double^stranded micleic acids, tho 
MOB. In thw configuration, me linkage between tho ODN oligonucleotide coimxmenl of the conjugate is a niplex- 



to Haugloizd, supra. Furthermore, the optimal 
structural relationship between a LF and the other compo- 
Uentsof the conjugate is one that results, upon hybridization, 
m projection of the LF into a non-polar region or into a 
region that restricts tho rotational freedom of the LF, result- 
ing in increased fluorescence, 
linking groups 

The ODN, MGB and LF moieties are covakntly joined to 
one another by various linking groups. In one configuration, 
conjugates of the invention have the structure ODN-MGB- 55 
LF. For this configuration, preferably the hnking groups are 
such that the linkage between the ODN and the MGB occurs 
through a chain of no more than about 100 atoms, preferably 
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form tag oligonucleotide (TFO), «jd binds in the major 
groove of the double stranded target via Hoogsteen, reverse 
Hoo^tccn or equivalent base pairing, as is known ip the ait. 
The MGB component of the conjugate binds to the minor 
groove of toe double -stranded target. Synthesis of conjn- s 
gates Capable of simultaneous binding of the TFO in the 
major groove and the MOB in the minor groove is accom- 
plished by attaching the MGB to the TFO via a long flexible 
linker, baring a length up to about 100 atoms, such that (be 
flexible linker is able to wrap around one of the strands of 10 
the duplex target. TFO-MGB conjugates of Ibis kind have 
been described Lukhtanov el al. (1997a)/. Am. Chan. Sac 
119:6214-6225; and Lukhlanov ct al (1 997b) Nucleic A cids 
Kes. 25:5077-5084. In a TFO-MGB -LF conjugate designed 
for detection of a double-stranded target, the latent fluoxo- is 
phore will be anchored in the minor groove and will undergo 
either an increase in fluorescence intensity at a given wave- 
length or some other discexuablc change in fluorescent 
properties as described supra. 

20 

The MGB-LF portion of the conjugates can also gain 
access to the minor groove of target double -stranded DNA 
by threading through the base-pair stack, from the major to 
the minor groove. The threading phenomenon has been 

prevkMisly described in the literature, mosdy associaxod with 25 conventional methods; for example an anrinohexy] residue 
threading inicrcalaiors which ate mtercalating moieties bear- 
tug bulky side chain thai can pass through the base pair 
sucks of duplex nucleic adds. The Piuromycins, which are 
known to thread the DNA struclnce, placing carbohydrate 
residues into both grooves, provide an example. Hansen et 
aL (1996) Act Ch&tL Res, 29:249-258. 

Synthesis of MGB-ODN-LF Conjugates 
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-continued 



1 . 



accordance with U.S. PaL No. 5j801,155; however, this 
general method is suitable for toe coupling of any TFP- 
acrfvated minor groove binding compound to an ODN. 
Reference numerals la and lb in Reaction Scheme 1 refer to 
exemplary compounds obtained in accordance with methods 
described in VS. Pat No. 5,801055, the disclosure of which 
is expressly incorporated herein by reference. 



A S 1 - or 3'-amino-tailed ODN can be synthesized by 



can be attached to either end of an ODN by using < 
dally available MMT-unioobcxyl phospboramidite (9 tail) 
or N-Fmoc-anunohexyl-CPG (3' tail). Alternatively, an 
omino-uuled ODN can be synthesized in accordance with 
the methods described in U.S. Pat No. 5,419*966, the 
disclosure of which is expressly incorporated herein by 
reference. In accordance with the present scheme, the 



Referred embodiments of minor groove binder moieties 35 ammo-tailed ODN is converted into a cetyltrmtcmyiarmno- 



are oligopeptides derived from 1 ,2-dLby dro-3H -p y rro lo[3,2- 
o]iodo1e-7-carboxylic acid (CDPI) and from 
N-tncthyipyrrole-4-caroox-2-aniide (MPC). These have 
been described m detail in U.S. Pat. No. 5,801,155, wherein 
a process was disclosed for preparing Che trjpeptidc CDPL^ 
which there after can be coupled, in accordance with the 
present invention, and with or without minor modification, 
(0 an ODN to form a portjon of 1 preferred ODN-MGB-LF 
conjugate. 



40 



nmm salt to render it soluble in organic solvents, and tbc 
totraftuorophenyl ester-activated MGB molecule is coo- 
densed tbeiewith, preferably using DMSO as a solvent 

Reaction Scheme 2 discloses another method for coupling 
an active ester of a minor groove binder molecule to a 5 1 - or 
3 ( -amino tailed ODN (2). 



In Reaction Scheme 1, a general method tor coupling a 

y-amino-tafled or 5 , -amino-iafl*d ODN with a tetrafluo- CPG Bearing S'-Amino Tailed ODN 
rophenyl ftFP) ester of an txemplary minor groove binding _ 

ongppeptide h ilrusirated. The scheme shows the use of a SaSKaSEtegsl 
TFP-activatcd exemplary minor groove binding compound cpo bearing S'-aauo aflad ocn 

obtained in 




PAGE 6^83 * RCVD AT 12/13/2006 5:27:23 PM [Eastern Standard Timel * SVR:USPTO-EFXRF-3/6 * DNIS:2738300 * CSID:6123499266 * DURATION (mm-ss):24-56 



12/13/2006 16:44 FAX 6123499266 



PATTERSON THUENTE SKAAR 



@)064 




10 



20 



US 6,951,930 B2 

29 

The TFP esier of the tripeplidc (n-3) derived from 
carbamoyl-l,2-dihydro-3H-pyrrolo[3,2~e]indole-7~ 
caboryhc acid (TFP-CDPy is shown as an exemplary 
MGB; however, it will be dear to one of skill in tfac art (hat 
the generic principles disclosed in connection with this 
reaction scheme can be used with other minor groove binder 
molecules as well In this method, the ODN comprises a tail 
moiety (wherein m-1 to 99) comprising a free terminal 
amino group, and remains attached to a CFG support during 
the addition of the MGB. Such an ODN is obtained, for 
example, by stepwise synthesis on a CPG support, using a 
MMT^rninohexyl phospboramiditc in the terminal addition 
step. This generates a CKi-bound ODN having a 5' tail 
comprising an amino group protected with a monomethoz- 
ytrilyl (MMT) gronp. After symhesis of me ODN is 
complete, the MMT group 2s removed from the amino group 
using conditions under which the ODN remains attached to 
the CPG support, for example, by treatment with 3^ trichlo- 
roacetic acid in CH^Cl^ In accordance with Reaction 
Scheme 2, the free amino group of this CPG-OOuod, annno- 
laikd-ODN is condensed with an active ester (e_g_, TFP- 
CDPI^ lb) or with a similarly activated form of a minor 
groove binder. The ODN-MGB conjugate is thereafter 
removed from the CPG support by oarrvcnlional methods 
preferably by treatment with ammonia. Alternatively, a 
CPG-bouud, 3'^mino-tailed ODN is obtained in accordance 
with the disclosure of U-S, Pat No. 5,419,966, and refer- 
ences cited therein. 

Another exemplary protecting group is the 
9-fluorenylmethoxycarhonyl (Fmoc) group, which is 
removed by base treatment, as is known to those of skill in 
the ait. Additional protecting groups, such as carbamate 
protecting groups, amide protecting groups and a series of 
special protecting groups «rc described in Green, T. W. & 
Wuls, P. G, M. in Protective Groups m Organic Synthesis, 
2~ f Edition, John Wiley and Sons, Inc, NY, pp. 441-452. 
1991. 
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Synthesis of l<3-hydroxypropyl)-thia2ole orange 
(Compound 4 wherein q^3) was carried out in two steps, 
using methodology similar to that used for the synthesis of ^ 
1^3^odopropyl)-ihia2olft orange (Reaction Scheme 3). 
Benson et al. (1993) Nucleic Acids Res 21:5727-5735; 
Brooker et al (1941) /. Am. Chem. Soc. 63:3192-3202; and 
Brooker et aj. (194Z)7, Am. Chem. Soc 64:199-210. Con- 5§ 
version to the activated 4-nitrophc-nyl carbonate derivative 
(5) was accomplished by the reaclion of 4 with 
4-oitropheoyl cUnrafonnQte. Alternatively, a reactive group 
can be introduced at the 3-posinon of 2<methyltbio>-l> 
benzothiarole using reactions described by Brooker et at 91 
(1941, 1942), supra. In addition, substitucats such as — H, 
-halogen, — NO^, SO^K, — COOH, — CONHRo^CON 
i ) (R^, — OR6, — SO^HR^ —SOJtQl^ and ^SR*; 

wherein R^^— (CH^LCH, and m-0 to 5; can be inlro- ^ 
duced on either ring of compound 3 as well as the on the 
phenyl ring of 2<memylthio>l^»n2onMazole. 



Another preferred method for preparing a ODN-MGB-LF 
conjugate is shown in Reaction Schemes 4 and 5. Reaction 
Scheme 4 shows the synthesis of a MGB with reactive 
groups al both ends (12) for use in Reaction Scheme 5. The 
ammo group of o^ajnjncAcXanoic acid (n*5) was blocked 
with a MMTr group to form intermediate 6, whose carboxy- 
lic acid group was then activated with tebrorluorophenyltri- 
fiuoroacetate to yield intermediate 7. Reaction of 7 with 
meihyl pyrxolo[4y4^]mdoh^7<arboxylaie yielded the 
methyl ester 8 which was convened to the acid 9. Reaction 
of 9 with S^yrml<4^5ndob^7-ylcarbo^ . 
cjmdoiine-7^aiboxylaic f fallowed by consecutive LiOlf 
and TFP-TFA treatment yielded the COM* conjugate (12) 
containing a terminal MMTr-protcctcd amino group and a 
TFP-protccted ester at the other terminus. Conjugation of 
novel reagent 12 at one of its ends to an ODN and the other 
of its ends to a LP is possible by virtue of ns termini] 
reactive groups. 
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For example, in Reaction Scheme 5 r conjugate 12 is 
reacted with an ODN cogtuining a S'-aminoalkyl group to 
yield tmeroKdiatc 13. Removal of the MMTV group with 25 
80% acetic acid, and subsequent reaction wilh the activated 
carbonate (5) fium Reaction Scheme 3„ Yielded the ODN- 



CDPI3-TO (dnazole orange) conjugate 14. It is clear that - 
similar reactions Can be used to introduce different linkers 
between the MGB and the ODN and IS, respectively, to 
generate conjugates with the general formula indicated by 
Formula 12, where each of n and q is at least one, the sum 
of jx and q 15 no greater than 46, and m-1-99. 



f) 




45 



Furthermore, it is clear to those of skill in the art mat a 
number of different MGBs and LFs, as disclosed herein, can 
be used in the reactions described above, 10 generate n wide 
variety of ODN-MGB-LF conjugates of this particular c 
figuration. 



12 
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5^QDK 



13 



Aotivttea carbonate 5 





N 



NH 



Reaction scheme 6 discloses another preferred method for 
preparing a 3-ODN-MOB-LF conjugate. Intermedial 15 is 
synthesized by a modification of the methods disclosed in 40 
US. Pat No. 5,801,155, as shown in Reaction Scheme 7. 
After depiolecuon with TCA/CHAj, the CPG derivative 



was used for standard otigocracleolide synthesis to obtain the 
required oligonucleotide sequence. Cleavage of the ODN 
from the CPO with ammonia yielded intermedials 16, which 
was coupled to an amine -reactive talent fluojophore to give 
the desired ODN MGB LF conjugate 17- 




[ ) 



J5 



m =1-100 



2. Ofc^irudfeotkte Synthcsia/SUy dcprouxrfim 
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Intermediate 15 was prepared as shown in Reaction of 20 wiib long chain amino CPG, deproicction with TCAJ 

Scheme 7, suiting with the ruction of p-nittopbenyl chk>- CHjdj tad reaction with activated ester 24> mtermedkLe 22 

rotbrmape with W-^ilfrayidkttwnoJ to yield 18. This com- was obtained. TFA deprotectwra of 22 followed by reaction 

pound was successively reacted with (3-aminopropyl)[(4- 50 with 25 g&vc intermediate 23 which was deproJected with 

me1ho^heny])£piKiiylme1hyl]amue and activated with TFA and reacted with p-nitrophonyl-4-O-DMT butyrnle to 

p-mhapbenyl chloroform ate to yield 20. After the rencboo provide the de&ircd inienocdiate 15. 



Brnrrtnn iSrltrmr 7 




NHMMTr 



39 
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More generally, intermediates equivalent Co compound 15 
can be used for synthesis of ODNVMQB-LF conjugates. 
Tuese intermediates contain a deavable linker K between 
the CPG moiety and the MGB moiety, as shown in Formula 
13 below. 



42 



form the equivalent of 10, which after H^/Pd/C treatment 
yields methyl 2-[2-{[3-[{5-amino-3-[(tcrt-batyl) 
oxyearbonyl]pym>ln[4^]ipdptin-7-yl} carbonyl]pynoto 
[4,S-e]indoltt-7-y]]carbonyl^ 

yljacetaie. Ihi9 compound contains a free primary amnio 




A variety of eleavible linkers useful for interposition 
between a CPG and a MGB, as shown in formula 13 by K, 
are known in the art These include, but are not limited to, 
phosphodiestcr groups modified with a tinker bearing an 
amino, thiol or hydroxyl group, and faydroquiiioiic-0,0'- 
diacsrk acid Linker*. Lyttle et aL (1997) Biocorqug. Chem. 
8:193-198; and Pon et sj. (1997) tetrahedron 
39:3327-33301 CPG supports with attached deavable link- 
ers are also available and in chide, for example, universal 
solid snppports and loeg-cbaia itlkylarmdopropanoic acid 
CFO. Scott el aL (1994) "Innovations and Perspectives in 
solid Phase Synthesis 1 ' 3 rd International Symposium, ed. R. 
Epton, Mayflower Worldwide, pp. 115-124; and Damns et 
il. (1990) Nucleic Acids Res. 18:3813-3812. 

In another embodiment, the JLF can be incorporated on the 
linker between me ODN and MGB, rather than as shown in 
compound 17, Reaction Scheme 5, where the ODN and IP 
are on opposite ends of the MGB. To achieve this. Reaction 
Scheme 5 is modified, such that the ODN con tains an 
appropriately^ locked hydroxyalkyl amine group at its 5' 
end. The amino group, after deprolecUon, is used to attach 
the MGB; and the hydroxyl group, after deprotechon and 
activation, is used to attach the LP. For example, the 
CPQ^CDPQg-DMTr intermediate described by Lukhtanov 
et aL (1996) Biocanj. Chem. 7:564-567 is reacted witb the 
phosphorarniditc of 2^4-Fmoc-aminoburyt)- 1-DMTrO)- 
propane-3-ol (Clontecfa, Palo Alto, Calif.), followed by 
standard oligonucleotide synthesis. After synthesis of the 
desired oligonucleotide is complete, cleavage from me CPG, 
followed by removal of the Fmoc blocking group, allows 
attachment of a LP to the amino group of the tinker mang 
reagent 5. 

In another embodiment, the LP is »narti^ ai a site 
internal to the MGB, as follows, Reaction scheme 4 can be 
modified such that 7-(meihoxycarbouyl)-4- 
[(pbcnylmethoxy)caitwnylar^ 

csrboxylic acid (Boger et aL (1992) J. Org. Chem. 

57:1277-1284) is reacted with methyl 3-(r#nolo[4,5-e] 

infouQ-7-ylCiibonyl)pYrrolo[4,5^fl 

(Boger et a!., supra) to the presence of a coupling reagent to 



group which can be used for attachment of the LF, a 
t-Boc-protected nitrogen and a methyl ester-protected car- 

*o boxylic acid. Either ox (he protected groups can boused fitir 
attachment of the oligonucleotide. 

Characteristics of HybridkatJoa-Triggered Fhrorcscence 
with ODN-MGB-LF Conjugates 
Free cyamne dyes, such as TO, bind to double- and 

as triple -stranded iincleicHcid in a oop-scquence-specihc faslt-** 
km or, at best, with only broad sequence preferences. By 
contrast, cyamne dyes art other latent Auoiophoxcs, when 
present in an ODN-MGB-LF conjugate, interact with 
nucleic acid based upon hybridization of the ODN portion c<f 

40 the conjugate with its complementary target. Thus, cniflte 
free (unconjugated) dyes, ODN-MGB-LF conjugates bind 
with high specificity to sequences complementary to their 
ODN portion, and are capable of discriminating be twee q 
closely- related DNA sequences with stmOar hybrid melting 

45 temperatures. 

For example, an exemplary latent nuorophore is too 
cyamne dye thjaaote orange (TO), which becomes highly 
fluorcscenl upon miercalaiion into drnmle-su-andcd DNA. 
However, free TO binds m a acquc Dce^mdcpcndcnl fasMoa 

so to dooMe-stranded DNA, and thus cannot be used as a 
sequence-specific diagnostic probe. However, as pan of an 
ODN-MGB-LF conjugate, the fluorescent potential of TO is 
coupled with the sequence specificity imparted by (be 
oligonucleotide, to obtain sequence-specific fluorescent 

ss detection of a complementary target sequence. 

Hybridizanon-triggered fluorescence, using the methods 
and compositions of the invention, can be obtained for targe t 
sequences that are cither AX- or GOrich. FIGS. 2A and 213 
provide examples in which a cyanine dye (TO) is used as a 

so latent fluorophorc in an ODN-MGB-LF conjugate to detect 
an AT-rich target sequence (PIG. 2A) and a GC-ricb target 
sequence (FIG. 2B). FIGS. 2A and 2B show thai the 
ODN-MGB-lU conjugate exhibits an increase in fluores- 
cence emission intensity only after specific hybridization 

65 with a compleroecUry target sequence. 

In the example shown in FIGS. 2A and 2B, restricted 
rotation about die cyamoe-methine bond of the TO molecule 
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ts believed to be responsible for the increase in fluorescence 
quantum yield. Wthout wishing to be bound by any par- 
ticular theory, it is thought that restriction of rotation is a 
result of iiitcrcalarioo of the TO molecule into doubfev 
stranded DNA, For latent fluorophorcs other than TO ? bind- 
ing to DNA can result in restrictions of rotational freedom by 
other daecbanisQiBp such as major groove or minor groove 
binding, or by mechanisms resulting from the conjugation of 
the latent fluotophore to the MGB-ODN and base-pairing of 
the ODN with its complementary target sequence. 

Attachment of a latent fiuorophore to a MGB moiety 
facilitates the observed increase in fluorescent output by a 
latent fluorophore following hybridization of an ODN- 
MGB-LF conjugate Co a complementary target sequence. 
This is demonstrated in FIGS. 3A and 3B, which show 
changes in Qnoresoerjt output for ODN-TO conjugates con- 
taining (FIG. 3A) or lacking (FIG. 38) a MGB is part ctf the 
conjugate. Without wishing to be bound by any particular 



to 
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theory, it is thought that the anchoring of the MGB moiety 
of (he conjugate in the minor groove fecdrrtaies iniercalatioo 
by the LF (io This case, the TO moiety) and subsequent 
fluorescence. Additional mechanisms, such as synergistic 
interactions between the MGB and the LF, are also possible. 

Additional examples of hybridization-triggered fluores- 
cence are presented in Table 2, in which different LFs and 
different ODNs were evaluated. Hybridizations were con- 
ducted with lxMT 7 M conjugate and a 2-fold molar excess 
of complementary target sequence in a pH 7.4 phosphate 
buffer for 5 min at 25° C. (See Example 1 for buffer 
composition-) Increase in fluorescence yield ("Fluorescence 
Increase" column of Tabic) is presented as the ratio of 
fluorescence emitted by the hybrid between the ODN-MG3- 
LF conjugate and its target sequence to the fluorescence 
emitted by unhybridizod (Le^ smgle^lranded) ODN-MGB- 
LF. 



TABLE 2 



wii different OON-MGB-LP csoji^niM 
of Fluorophotc^MOB-OJDN Ceajugaitt 




Rl 



R2 




uniuiruuuT 

(SEQ ID NOOl) 




CAAGTTGCTT 

(SEQ id not6) 



3.1 



mrociT 

(SEQ 0>NOr7) 



4.2 
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Conjugate 



1U 




nrrnrmT 

(SEQIDN022) 



9.7 



trnrnrrnniT 
(seq id N023) 



An example of hyhridizaiioa-triggeted fluorescence in a 
DNA-RNA hybrid, using a ODN-MGB-LF conjugate, is 
provided in FIG. 4. This figure Shows that when a 
poly^dTJ^MGB-daasyl conjugate (SEQ ID N0.24) is. 
hybridized to a poIy(A) target, an approximately 8-fold 
increase in fluorescence, compared to unhybridized 
conjugate, is observed. Hybridization conditions are given in 
the legond to FIG. 4. This result demonstrates that 
hybridization-triggered fluorescence can be observed in 
hybrids between he terologous polynucleotides such as DNA 
and UNA, and is thus a general phenomenon. 

In general, the T m of a hybrid between an ODN-MGB-LF 
and its target sequence is higher than the T m of a hybrid 
between an uncoojngated ODN end the same target 
sequence, due lo (he presence of the MGB. Sec, for example, 
U-S- Fat No. 5,801055. Consequently, at stringencies at 
which an unconjugated ODN is not able to form hybrids 
with sequences related to its complementary target sequence 
(Lo., mismatches), an ODN-MGB-LF may be capable of 
forming hybrids with seen related sequences. Accordingly, 
ODN-MGB-LF conjugates can be used, not only for detec- 
tion of a perfectly complementary Urgct sequence, but also 
for detection of sequences related to a target sequence that 
is complementary to ibe ODN portion of the ODN-MGB-LF 
conjugate as, for example, in the identification of gene 

ODN-MGB-LF compositions are also useful in methods 
that involve migfflfltrh {ifqcfjminatmfi in ijjjg respect, ibey 
are similar to previously-described ODN-MGB conjugates, 
which form highly stable duplexes with perfectly comple- 
mentary sequences, but more unstable duplexes with target 
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sequences containing a sin gle-nucleo tide mismatch wiih 
respect to (he ODN portion of the conjugate. This property 
of ODN-MGB conjugates is observed for ODN sequences at 
least as short as 8 nucleotides. See International Patent 
Application No. PCT/US99/07467. However, unlike ODN- 
MGB conjugates, hybrids comprising ODN-MGB-LF con- 
jugates are inherently detectable by virtue of their 
hybf^zarfrTHriggered fluorescence. 

Mismatch detection by an ODN-MGB-LF conjugate .is 
exemplified in FIG- 5, wherein it is shown that an ODN- 
MGB-LF (conjugate 3 of Table 2) does not exhibit substan- 
tial fluorescence when it is incubated under hybridization 
conditions with a sequence having a smgle-nucleotide mv> 
50 match with the ODN portion of the conjugate. Incubation of 
the same ODN-MGB-LF with a perfectly complementary 
target sequence under the same conditions, however, as 
shown In FIG. 5, results in an increase in fluorescence. 
Hybridization conditions are gr>en in the legend to FIG. 5. 
55 In another experiment, the melting temperatures (T^s) of 
hybrids between ODN-MGB-LF conjugates, and either 
perfectly -mat cried or smgk-nucleotkte mismatched DNA 
target sequences, were determined. This was accomplished 
by forming hybrids, gradually hearing the hybrids, and 
60 plotting -dF/dt (change in fluorescence wiih respect to time) 
vs. temperature. The T m (also known as T*^) is the tem- 
perature at which maximum -dF/dt is observed Conjugates 
having an ODN portion of different lengths were tested and 
the results arc provided in Example 6 infra. ODN-MGB-H) 
65 conjugates, having oligonucleotide portions between 10 and 
16 nucleotides in length, provided excellent discrimination 
between perfectly matched and mismatched target 
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sequences, wilb AT^s of 10* C. or greater, where 6J a is the another, if their degree of camplcmsniaiuy r sufficient to 
difference m melting temperature between a perfectly- allow detectable hybrid rrmnoticn. The nbfliry to deteel a 
matched hybrid and a hybrid containing o mismatch. See hybrid will depend upon the stringency of hybrkrixarjon, as 



is known to those of skill id the art. Sec infra. If the 
Exemplary applications Cor ODN-MGB-LP conjugates 5 sequences of an oligonucleoride and a target sequence are 
Methods and compositions of the invention ace useful in such that they are complementary at all nucleotide positions 
the detection of specific nucleic acid sequences by hybrid- except one, the oligonucleotide and the target sequence have 
ization. For tits purposes of the invention, the tetm "hybrid- a single nucleotide mismatch with respect to each other, 
izatcon" refers to the interaction of two or more nucEek; acids Conditions for hybridization axe weft-known to those of 
to form a stable mulli-stamded structure. For two or more 10 skill in the art and can be varied within relatively wide 
nucleic acids to interact by ••specific hybridization," the Kuril*. Hybridization stringency refers to the degree to 
multi-stranded structure formed therefrom can be a duplex, which hybridization conditions disfavor the formation of 
triples, or any other highec order structure wherein the hybrids containing mfstnatcoed nucleotides, thereby pro- 
interaction is mediated, at least in part by specific base- moling the formation of perfectly matched hybrids or 
pairing. Base-pairing includes so-called WaJtenc-Crick 1$ hybrids containing fewer mfrm^ry..^ wiih higher stria- 
pairing, involved in duplex formation, as well as Hoogsneen gency correlated with a lower tolerance for mismatched 
and reverse Hoogstecn p airing , which are involved in triplex hybrids. Factors that affect the stringency of hybridization 
formation. Nucleic acids, either target nucleic acids or (be include, but are not limited 10, temperature, pH, ionic 
oligonucleotide portion of a ODN-MGB-U? can be DMA, strength, and concentration of organic solvents such as 
RNA. modified DMA, modified RNA, or any modified 30 fornaLmdc and dime Ihylso rfo irido . As is well known to 
nucleic acid or nucleic acid analogue known to one of skill those of s&fll in Che art, hybridization stringency is tncre&Sijd 
in the art Nucleic acid analogues include, but are not limited by higher temperatures and/or lower ionic strengths. See, for 
to, peptide or polyamMe nucleic acids (Nwslsen et al. (1991) example, Auanbcl ct al, snpra; Sambrook et at supra; M. *K. 
Science 254:1497-1330), btcydo nucleic adds (Bold ct al Innjs et aJ, (eds,) PGR Protocols, Academic Press, Sim 
(I 996) Nucteic Acids Res. 24:4660-4667) X-a- is Diego, 1990; B. D. Haraes et al (eds.) Nucleic Acid Hybridi- 
arabin^ruraii^yl^ontaijijns oligonucleotides (U£. Pat No. saiion: A Practical Approach, EtL Press, Oxford, 1985; and 
5,177,196) and Oligoauolootidc analogues with snlfamate van Neas ct at, (1991) Nucleic Acids Res. 19:5143-5151. 
linkages (US- P&l No. 5,470,967). Nucleic adds can also be The degree of stringency can be adjusted not only daring a 
chimeric molecules containing different types of nucleotides hybridization reaction, but also in post-hybridization 
and/or nucleotide analogues within the same molecule such 30 washes, as is known to those of skul in me art 
as, for example, PNA/DNA cUrnem. See, fox example, Thus, in the formation of hybrids between an ODtl- 
Melsso, supra and Koch, supra. MOB-UF and its target sequence, me ODN-MGB-LP can tie 

ODN-MGB-LF conjugates can be used as probes, in incubated in solution, together with a polynucleotide coi> 
wbich their hyfertrnzfition to a target sequence is detected, or laming the target sequence, under conditions of temperature, 
as primers, in which their tybrieHzatforj to a target sequence as ionic strength, pH, eac, that fever specmc hybridization (i.e_ 
is followed by r^rynncleotidc synthxsfe initiated torn the 3* duplex or triplex forrnation mediated by Despairing ), 
terminus of the ohgonucboticb portion of me conjugate, and Alternatively, the ODN-MGB-LF can be immobilized on a 
the synthesized product (Lc,, the extension product) is solid support which is contacted with a solution potcntiany 
detected. onnUiain g a polynucleotide rjogrprisihg a target sequence. In 

A target sequence refers to a nucleotide sequence in a to yet another embodiment a population of polynucleotides, 
nucleic ccid wfaccfa mmpri^g a site of apagjll" faybrMffigflfiifln one or more of which potentially comprises a target 
for a prob© or a primer. Tbrgpl sequences can ht found in any sequence, is iibnAnhafrmpd on a solid support, which is 
nucleic acid <twti»riiwjy btu not limited to, genomic DNA, contacted with a solution containing one or more ODN- 
cDNA and RNA, and con comprise a wild-type gene MGB-LF conjugates. A pndyimcieotide is a polymer of 
sequence, a mutant gene sequence, a non-coding sequence, 4tf nucleotides and is not limited with respect to length. Pory- 
a regulatory sequence, etc A target sequence will generally nucleotides can comprise DNA, RNA, and DNA ondArc 
be teas than about 100 nucleotides, preferably less man RNA analogues. A polynucleotide con also enterprise cral- 
about 50 nucleotulcs, and more preferably, less man about tipte types of nucleotides or nucleotide analogues, Lc., 
25 nuckctides in length. DNA/RNA or DNA/PNA crrimaras. 

Hy hrirtitntrn n of a probe aocVor a primer to a target so Hybridization conditions are chosen, in some 
sequence to form a duplex proceeds according to well- crrtaimsiances, to favor hybridization between two nucleic 
known and art-recognized base-pairing properties, sncfa that adds having pcrfecUy-ma tchxd sequence*, as compared to a 
adenine base-pairs with thymine or uracQ, ond guanine pair of nucleic acids having one or more mismatches in the 
base-pairs with cylosine. The property of a rj^lrrtklfr that bybridiring sequence (Lc., high stringency conditions). In 
allows it to base-pair with a second nucleotide is called 55 other circumstances, hybridization conditions off reduced 
complementarity Thus, adenine is conmlementary to both stringency can be chosen to aBow hybridization between 
thymine and uracit and vice versa; similarly, guanine is mismatched sequences. 

complementary to cytosine and vice versa. An oligpnuclc- The degree of hybridization of an oh'gomrclaotids or 
otide which is complementary along its entire length with a ohgonucleotide conjugate to a target sequence, also known 
target sequence is said to be perfectly complementary, so as hybridization strength, is dsterminod by methmfe that aie 
perfectly matched, or fully complemeniary to the target well-known in the art A preferred method is to (fetemune 
se quenc e, and vice versa. An oHgonuclcotcde and its target the melting temperature (T^ of Ike hybrid duplex. Tins can 
sequence can have related sequences, wherein the majority be accomplished, for example, by subjecting a duples lo 
of bases in the two sequences are complementary, but one or gradually increasing temperature and momtormg me deoa- 
moce bases are deleted, inserted, transposed or noncomple- 65 niration, of the duplex, for esample, by absorbanoe of 
raentary (Lc-, rmsmatdied). In such a case, the sequences ultraviolet light, since UV abscoption increases with the 
can be said to be substantially comphanentary to one unstacldng of base pairs that a uAJuip anica denaturation. T„ 
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can be defined as the temperature midpoint of the transition 3) Detection of a very small amount of a specific DNA 

in ultraviolet abeorbance that accompanies denatu ration, sequence. 

Another quamitative indicator of hybridization strength is An additional application of ODN-MGB-LF conjugates is 

"S* tem ^T ataro ^ whi ? h ^ "WJnmum rote in real-time detection of PCR products. Winder c l al (1997) 
S^'T^ir b ^ s ^^^^ ^ Iutob observed, as a s BioteeMques 22.176-8X Under appropriate conditions, an 

hybrid is sheeted to smxessivcly bcrcaslag tamperamre. ODN-MGB-LF coajugate used ss a PCS primer provides 

^ paUU ? ?L b f*J* D te « M f ured » *>' "onrolc, by single-nucleotide miamateb discrimination m teal time. See 

changes in UV abscroance or by changes in fluorescence of FIG. 6 and Example 9 infra 

a hybrid coatalnng ^ OD^MGB-tF. A higher T co> A particular ofivantoge of the hybridizalw,Mrisgemd 

relates with increased hybridization strength. Further fluorescent probes is in the area of mrntmlez dete^tonfl.e.. 

d^Ucn of T^oetcrmiaatico is presented in Example 8, del**™ and^nitation of mom tfoaSSTpmAiSt 

"v; . , „. . „ . the same reaction vessel). Por example, for two distinct 

One metbed for dtafngufemlng^ween^d^fe^ if ^ saficapc ^ ^ complemen^m ODN-A end the 

fceir T s arc known, is to coadua hybridation at a other complementary to ODM-B, conjugaticn of. 6>r 
imiwemtum that isbdnw the £ of the (tend duplex and lS example. IW>k orange to ODN-A and tHawle blue » 

m "f^t *? Iwt .- InthBCaas ' deten »- ODN-B allows simultaneous detection sod quantitation of 

f "J uywuuiaea prone. mg distinct emission "" ir Hr w. can be conhiaated to oddi- 

Tbu» in one embodiment MGB-QDN4J owqugatea are cional oligonucleotide* to enable multipL deteenon ,tf 

^ !l^^ 0t rS^ J iSf"^-^ f^J^ M additiM » 1 teJBet sequences. Inn potential for mul- 

aod «q«en«s. Batscdon * arapbGhed aceonbas to dplex detection Wring tbc methods and compositions off the 

te^^tmown m those <rfdriU hi die an ineluding, but invention is Iim^omy 1^ tto tesrfvi^^er of tt* 

not limited to, sohttmn hybridization, blot hybridization, in flnoreaceot detection syssttm. 

sto hybridization, nuclease protection, cDNA syntbesfe, Ttte methods and compositions of the invention are also 

^iT^^i^ ^u^i . r . , sis of gene earorcssioiL In these procedures, an onScrcd array 

l^^nr^** Z^^^fr/^"!^ P 0 ^" of ori^fnnaec&fee of different sequences is nsed aa a 

meiw etui re act^ j^CR), JSSR, rolling circle plaUom for hybridization l0 onc 0r mqrc tCHt 

?a?S^™? fl , (LlZa "V " d - <i? 98 > Gew<? ' » polynuc^ca, micfcic add* ox nucleic Add ttWafW 

Pi^ 232 * dcqva5C - WJ amphficaiion (Sander et aL Generally, on array comprises a set of dMc«^^. 

(1990) El^fw^ 2feU3l-1140) and related amplifi- wch 0 £ wmca contains an oligoniinteotMo of distinct 

J!SS^SSSSS^v . V "^f ta T t arrrpli^rioii «qucncc. Detennmatmn of the oKgrovdcotidcs that aie 

metr^ ODN^G^co^ugates can be Used as dthzr faybrirtod and aHgnmrut of tWrlcquenca, if 

- pnmera fi>r tbe syntbssift of amjdificatiDn products or as 35 allc^reconstractinn of the sofBCnce of ti&Xzs& poiynuclt>- 

probes to detect t&e aaplificaifco prodacls. mida. See, example* U.S. Pat Nos. S-492.806; 5^2S, 

Signal amplificaunn tec^miqves invoiv« hybridization of a 454; 5^56.732; and PCT Publications WO 92/1068$ aod 

probe, having tw> portions, to a target sequence. A first WO 96/17957. Materials for coostnictba of arrays faclnrk 

portion of the probe a commentary to 0 target sequence. but are not Umitirf to, Biitrooclhilos©, glass, siKeoo wa&m' 

Asecond poAoa of the probo has q plmraliry of sequence 40 optfcalnfeers other materials suitable for constrcctka ci 

uiute, c^h of which « cc^lcmcntary to a lebekd ollec^ ^ sach as are bnown to those of skSil in the art. 

nudeotida; alternatively, ihfi Kxond portian ks comrdemen- In a pretoed array method, an ODN-MGB-LF conjugale 

tory to oitother probe having a plurality of sequence mw*, is imniobflcaed on a »hd surface, where it serves m a 

each of whrda is coiarpleraes^ry to a kbeted oligonncle- capture probe find/or an extension primer. Hybridation 

^^^^^ VS ' ^ N0S * 5424 ^ 5 ' 594 - 118 ^ a^reiter^re«lbmn^^ 

and 5,902,724- The compositioiis and methods of the for rmincbilizatioQ of ODH conjugates to aslid surfaces are 

invention, when Used m corrjunctioo with Signal amplifica- known in the art. Sec, for example, Ramsay (1998) Namre 

tion memods, for exarm>2a as labeled cmgnrmdeotirka, pro- Biotedwol 16:4044; U.S. PaU No, 5,412^87; VS. Pat No. 

vtdc even greater sansiiiviiy by virtue of their capacity to* WO 95/11748 and EP 373^203. 

hyWr^mn triggered ftioiescencc. 50 ODN-MQB-LF conjugates are particularly advardageons 

i^iroool a^beaimns inch*!* gene ej^ressDoa analyse, tor use as inunobilszed probes in various tyr^^TOTay- 

sm^-auc4eotide jwlyrnozphism analysis and sequence- based technology, because assays can ba comtncled wilhonl 

based ideiiuflcatjoD of organisms, induding iofectJous the negc^uy for labeling target nucleic acids. Hybridisation 

organisms, using RT-PCR, arrays, and array-PCR, Addl- of a targel nucuetc acid to an immobilized ODN-MGB-LF 00 

uonal ifeleotoi systeria arc cisd^d m rmem^nal Patent « an array results in me iimnediate generation of a nrinresce D t 

Applanation Nos- PCTW599^7487 and PCT/US99/07492, signal at (he eite of tbe hybridizr^probe, without the need 

the rJisdosuies of which are irusoiporaicd herein by refer- for any typs of pasJ-hybrtdizarion tocjehng or aetccticu 

cnce * . . stops, 

HybndizatioD-tri^red ftiorescence, according to the The lollowing examples are provided 10 ilhistralc, bulnot 

lovcntxon, can be ussd m any system in which detection of ro to thni ^ rjje inwoiionT 
a hybrid duplex ox triples is of interest, by using (be 

appropiiaic ODN-MGB-LF oonjngaie as a primer or a EXAMPLES 

/ > probe. Non-liniiting examples include: General Experiment 

. J 1) (^antitalion of a tMnicuJar nucleic acid sequence in ibe Thin-layer chrarnatograprjy was run oil silica gel 60 F-2S4 

presence of other similar nucleic acid sequences, ss (EM Reagents) abimfnum-backcd plates. J H NMR spectra 

2) Qualitative o^sennrmarion between two sequences hav- were obtained at 300 MHz on a \brian VXR-3^0 stocttom- 

ing a single nucleotide diflbrenca, and eter in DMSO-d^ , Benacnial analyses were pcrmrmed by 
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Quantitative Technologies Inc. (BoundbTook, NJ.). Mass propanol (3.1 ml, 34- mmol) in 3.0 ml of 1,4-dioKane */as 

sj&diumctry wag performed by Mass Coosortinm (Sod refluzed fbr 17 h. The solution was cooled to room tem- 

Diego, CalitX All procedures were carted out at room pcrahut and then dinted with 30 ml of ether. The product 

icmpcraturc unless otberwiss specified. separated as an oil and tit* other layer was discarded The oil 

5 was crystallized from methylene chloride: 367-mg 0%%) 

Example 1 yieM, TLC (5:3:2, n4>ulanol/wafei/£cetic acid), : H 

- - ! v ^8 939(lH,d # J^.0Hz,aiomaticX6^7(OT.t ¥ J=9.1 

Steady-State Fluorescsoce Measurements Hz, aromatic), 8.27 (1H, u J-7.8 Hz, amniotic). 6\£ (2H, m, 

FIudtcotdcc spectra were recorded on a Ferfcin Elmer aromatic), 5.08 (211, t, J-71 Hz, methylene), 4-81 (1H, t, 
model MPF-44A, or a Perkio Elmer model LS50B fiuores- 10 3o49 ^ hydroxy!). 351 (2H. m F mslhyiena), 3.01 (3H, s, 

ccncc spectrophotometer at ambiem temperature, A Xenon 4-metbyl), 2.11 (2H, m, methylene). Anal died. For 

lamp was used as the radiation source employing an exd- C 13 H lc BrN0 031^0; C, 54.29; H, 5.82; N, 4.87. Found C 

tation wavelength appropriate for a. particular dye (e.g., 53.92; H, 3 A3; M, 4.67. 

485-507 em tor thiazole orange), l<^HydroxypropyI>tniazole orange (4). lb a solution of 

Fox the experiments shown in FIGS. 2 and 3* concentra- 13 3^myl-2^faifjmcth^4»n7rrfh^7nlTiirri iodide (038 g. 1.22 

lions of thiazole orange conjugates were typically varied in mmol) 3 (034 g, 1.22 mmol) in 40 ml of absolute 

the range of 2x\(r* M to 5*10~ 7 M in pH 7.2 buffer (10 mM omano1 ^ added triemylamine (0.26 ml). The solution was 

sodium cccodylate, 0.2 M NuCl, 1 mM EDTA), by serial stirred tor 30 minutes ai room temperature and the crystals 

dilution of a 5*10 7 M solution. For duplcai measurements, tnat foimed were filtered, rinsed with ethanol and dried: 2B3 

on equal molar ratio of target sequence was added to a 20 m &' y^^i TLC (5:3:2, n^butanolAvater/acetic acid), 

5«1(T 7 M solution of conjugate, followed by a 15 min V®SZ; *H NMR d &81 (Hi d J-83 Hz), 8.61 (1H, d, 

incubation at 25* C Serial dilutions were then trarfoamed as J ° 74 ^ 814 ( 1H > lt=S 6 8j02 (2H, m), 7.77 (2H, 

described above. 7.61 (1H, U I°7.4 Hz), 7 40 (2H, m% 6.93 (1H, s), 4AV. 

Fluorescence spectra of conjugates containing an ^ ^.5^5: (2*U **-S H*> memykm:), 

concentration of 1*1<T M in pH 7.4 bufier (10 mM ^^>'^ ^^^L^K^^f 
phosphate, 0.15 M Nad, 1 mM EDTA). Hybrids were 5111 V H ' N * 5<SS - Found ^ 4 * * M * 
formed by adding 1-2 equivalents of target sequence. 4-Nitrophenyl carbonate derivative (5). 4-MrrophensrI 

chloroformatc (48 mg, O240 mmol) and 4 (50 mg, 0.120 
Example 2 90 mmol) were stirred in 6.0 ml of aohydrous pyridine at 70° 

C. for 2 h. Another portion of 4-nitrophenyl cbtaofaznatc 
Synthesis of OKgooucleoudes (ODMs) (48 mg) was adtiad and stirring was continued for another 

ah nnw, yb,^* «™%r«r«i fi™ i ^r^oo, nauL 11,6 so^oo was evaporated to dryness end the residue 

/UlOONs prepared from 1 ftmol oppiopnato CPG crystaffizBd ftom DMF-THF. The red soHd was Altered, 

snsport on an ABI 394 fi^mbeiazcr nsinc the protocol 35 . *? . _!zr^Em .TV? . ^J:"JCv; 

■ • 'TTT", q ^ !Z u nnscd with THF and dried: 29 mg yield; TLC (5:3:2, 

s^phed by U» manufocturerto n-butanoVwater/acetic add% 11/4158; 4 tt NMR 6S.S1 (Hi, 

c^^r^^ ^r^^^ 7-77 (2H. m). 7 62 W U J-7-4 H*£ 7^0-732 4H. m{ 

fications were introduced mIdTm N^4- ^ffl 

moimmothoxytrityl>^irnin^ phospnora^idite ^f,^ °* 5144415 ^ , calcd fiir 

linker (Glen Research). 3'-Anjunone3ryi und 3 , -beKonol Vian fl4 n s v f &, ax^.w/. 
modifications were inlioduoed using a ogodifled CPG pre- Emmpfc 4 

pared as previously described Petrie el ai (1992) Biocon- as . . rfl ,«,^ u . . r ^ fM ^ r 

j^nrc Cftem. 3;85-S7; and VS. Pat No. 5^12,667. All Sywhcs^of 23^.6^tetraa^henyl ^HDOHIXH 
other general methods employed for preparative HPLC [(^^Ocwy^eriyl^toytocQryl] 
piirification, detritylatcon and butanol prcchritation were amico>hc2anoyl)pyn:olo [4>cJntsJolni-7-yl] 

carried out as o^scribed Reed ct aL (1991)B^;^^ ca ^^T^i < ^^' 7 ^^ xb ^^ 
Chem. 2217-225. Purified oligonucleotides were analyzed 50 PVrrok3[4^<lindo^c^-cor^latc (12) According 
by CV18 HPLC (column 250x4.6 mm) in a gradient of t0 Sections Scheme 4 

0-30% acctnnitrilc in 0.1 M cnethylunine acetate bnffiar, pH 6^{[(4-metrmypheoy1)dipb^ylmen^ (c 
7.0,ov^20mmaiaflc^rateof2ni]/a^.P^ acid, trielhylammoniurn salt (6). A suspension of 

data processing were performed using a Raima Dynamas o^crninohesanoic acid (5J0 g, 38 mmol) in 50 ml of anhy- 
ebromaiograpbic Eoftwaie package on a Macintosh com- 55 drous pyridine was treated with 
puler, ODK parity was assessed by capillary gd electro* p-anisylcalorodiplicnylmcmanc*MMTVO (6.0 g, 19 4 
phoresis (CGE) with a P/ACE TO 2000 Scries equipped with mmol). After being stirred for 24 hours at room temperature, 
an eCAP™ cartridge (Beckman, FnUcxlon, Calif.). Oligo- the mixture was concentrated, and the residue, a viscous 
micteooifes wore >95%pure by C-18 HPLC and showed one liquid, was partitioned between water and CH^GLj. Hie 
major peak on CGE. $q organic layer was washed with water and dried over anhy- 

drous sodium sulfate. The crude product was chrornaaV 
El£ara P lc 3 graphed on silica ehrans with 5% MeOH, 0.5% triethv- 

i-aieni * luoropnom tf j^Tv^rivulive as a pale-yellow, viscous ofl. 

l-(3-HydroxYpropyl)^memy!qumoliihum bromide (3). 2,3,5,6-totrafluoropheoyl 6-{[(4-methoxyplcoyl) 
A solution of lepidine (0.49 g, 3.43 mmol) and 3-biomo-l- dtphenylmethyl))inmo}heKanoate (7). The acid 6 obtains d 
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as described above (2.2 g, 4.4 mmol) was dissolved in solution. The solution was filtered ami concentrated under 

anhydrous CH^C^ and Created with 1 ml of iRcthyl&mme vacuum to an o£L The cnl was triturated with methanol to 

followed by 0.8 ml of 2,3,5,6- produce a precipitate of the desired TFP ester 12. It wan 

tctraflnoroptoeyiiziflaoroaccTarc. After being kept at room collected by filtration, washed with MeOH then ether, aitd 

temperature for SO nun, the reaction was concentrated to an 5 dried. Yield was 154 mg (90%). This product was 

oil (crude 7), which then was re-suspended in 20% ethyl pure by HPLC analysis. No further purification was 

acetate/80% hexane and applied to a silica gel column. attempted due to its poor solubility. 
Ehition with 15% ethyl acetate/85% nexane and concentra- 
tion of the pure product fractions afforded 2.0 g (82%) of foe Example 5 
TFP ester (7) as a colorless, viscous oil 10 

Methyl 3K6-ffH4.nwinoxyphenyO-2-xnetnylene.l- SyntheA of an OPN^Piytlnaznte Orange 

pheuytom^yir™ Conjugate (14) Accotdiog to Reaction Scheme 5 

7^carboxylate (8), A eolmton of 7 (0 6 g. 1,1 mmol) was 5 > 4raxylamine modified 15-mer ODMs were prepared mid 

combixred with 024 g (1.2 mmol) methyl pyrrolo[4 > 5-c] the 5 , -MMT group was removed on the svdUkszct, using 

indobne-7-caiboxylaJe (Bogcr ct al, supra) and 0.1 ml 15 standard conditions, Hie S'-nexyiamme modified ODN w<s 

Irielhykmine in 5 ml of anhydrous CH^Clj. The mixture reeded with the TFP activated 12, then dcprotcctcd with 

was top! at room temperature for 15 h and concentrated anucous TFA to yield die ODN-MGB conjugal© 13. This 

under vacuum. The resultant sotid, which was the desired conjugate was purified by reverse phase HPLC using tri- 

product, was washed with 50% ethyl acetate/50% hexane to cmykminorttum acctatc/acetonitrib and the desired fraction 

remove unreacted starting materials and 2,3.5,6- » was dried on n centrifugal evaporator (Spoed Vac). Hie 

tetraflnoaophenol. Drying under vacuum afforded 051 g residue was dissolved in 20/ulof dry DMSO. lb rfstanniite 

(77%) of me tnle compound as a pale-yellow, crystalline the concentration, 1 fA was removed and precipitated from 

solid- 2% sodium porchlorate. The pellet was washed with 

3^6-{[l-(4-methoxyphenyl)-:^ acetone* then dried and dissolved in water. Concentration uf 

3-cnyljamiuolhexanoyl)pyrrolo[4,5-e]indoline-7- 25 the initial DMSO solution was determined by to be 

carooxyKc acid (9). A mixture of S (0.47 g, 078 mmol), THF 1.68 mM, using a calculated extinction coefficient for the 

(9 ml), MeOH (6 ml) and 4M UOH (3 ml) was stirred at 55° CDPLj-amine-ODN conjugate of e-255„C0O WW 1 . 
C. mr 1 h> The resultant solution was cooled to give a white 15/dof the DMSO sohition of the ODN-CDPL, conjugate 

prccqrilaie, me U salt of the product The soKd was trim- (25.2 vmoft was treated with 1 mg (2 fimol) Of tjee 

ratedwimasmaU amount ofcoJd 10% citric c^ 30 4-Dirropbenyi carbonate derivarive of thiazok orange (!>) 

I ^ Off, Ashing with water and drying under vacuum gave 0.43 and 51 fA of triemylamine. After shaZdng for 16 b at room 

- - ' S (94%) of 9 as a White eoEd- temperature, the crude conjugate was precipitated fram 1 eiI 

Methyl 3-[(3-{[3-(6-{[(2E)-l-(4-methoxyphenyl)-2- of 2% sodium porchlorate. The orange pellet was washed 

methyl- l^fce^lp£oia-2 p 4^ny u witn acetone, drcd 00 a SptedVac and dissolved m 1€9 fd 

[4,5-cJiim , Ddm-7-yi]carbo*iyl}pyrro^ water The conjugate (14) was purified by revese-pfaase 

caibooyl]pyTrolG£4,5-e]tadQ (10). lb a HPLC using trtsahyl ammonium acetau/aoetooitrile, the 

solution of 9 (213 mg, 036 mmol) and methyl 3-(pyrroIo fraction containing the conjugate was concentrated to 0.1 nit 

[4^-e]indoHn-7-ylearb^nyl)pyriolo[4^-e]indolinc-7- with butane), nmd the conjugate was precipitated with 2% 

cazhnxylate (which had beeaj prepared by TFAdcprctcctioD ^ sodium perchloratc. Hie orange pellet was washed wiJh 

of 182 mg of the corresponding i-Boc precursor, Soger et al., acetone, dried on a SpeedVac, and dissolved in 50 f& water 

supra) in 50 ml of anhydnns DMF was added EDC (200 to give a OAS mM solution. Ad absorb once spectiuio 

mg). The reaction was stared for 20 b 25° C, The resultant showed distinctive absorbances due to the ODN (260 nan), 

precipitate was collected by filtration, then washed with CDPl^ (350 am) and thiazole orange (500 cm). 
MeOH and ether. Drying under vacuum afforded 313 mg 

(90%) of the desired product as an off-white solid. ^ Example 6 

3«H[3-(6-{[(^ symhesis of CFC-CDPL dcrrvntive (23) According 

phenyipenta-2,4-dienyl]arnino7^^ 01 ^ Reaction Scheme 7 

mdoliri-7-yl]caibonyl}pyTOlc^ 

r#rrok[4,^]indoluic*7 $q 4-nilrophcnyl {2-[(2-hydrozycthyl)sulfonyl] 

of 10 (270 mg, 0.28 mmol) in a rnixturo of THF (6 ml), ethoxy}formate (18). A solution of 2£^*ulmnyldie4hanol 

MeOH (4 ml) and 4M LiOH (2 ml) was stirred at 55° C. tor (4.85 g, 39,75 mmol) and p-mtropbenyl chbrofennate (2.0 

30 h. The reaction was cooled and neutralized to pH 6 with g, 9.92 mmol), in 20 ml of dry pyridine, wis stirred for 2 h 

cold 10% citric srid. JnsolubJe material was coUected by at room temperature and than evaporated to dryness. The 

filtration and washed with wafer, MeOH and ether. Drying 55 residue was dissolved in 350 ml of ethyl acetate and washed 

under vacuum afibrded 160 mg (60%) of the title compound with water (4x100 ml). Hie organic solution was dried over 

11. By HPLC analysis this prodnct contained -5% of sodium sulfate, filtered and evaporated. The crude product 

unreacted 10. The crude add was used m the next step was purified by silica gel chromatography, cluting with ethyl 

without add i tional purification. acetate. The pure product fractions were pooled and evapo- 

2,3,5,6-teirafluoropbenyl 3-[(3-{[3-(6-{[(4- eo rated a&rdiig an oil: 0.68 g (22%) yield. 
mcutaxypheuyQofyb&iryto 2-({2{K-(3-{[(4-methoxyphenyl)diphenylmeihy)] 

[4,5-ejmdoin^7-yiJcarbonyl}pyrroro^ amino}propyl)carbamoyloxyl]-etliyl}sulfonyl)eth) r l 

, ) carbonyl]pyrrolo[43^]indon^-7< (12). To a (4-mlrophenoxy)forrnate (20). A sohrtion of 18 (0.68 g, 2.13 

suspension of U (153 nuj 0.16 mmol) In 5 ml of anhydrons mmol) and (3«aminopropyl)[(4-methoxypbeny)) 

DMF were added trtethylamioc (03 ml) and tetramiorophe- 65 o^benylrrieu^lj^mine (0.89 g r 2.56 mmol) was stirred ut 

oyl truuoroacetate (TFP-TFA, 0.2 ml). The mixture was 40° C fe>r 30 mio- p^tMphenvl cnloiolormaic (0.62 g, 3J08 

stirred for about 1 h at 25° C to gbc an almost dear mmol) was added and stirring was continued for on odd!- 
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tfonal 2 h. The solution was diluted wkh esUiyl acetate (360 A mixture of the beads and 4-nitrophenyl 4-[bi&<4- 

ml), washed with water (300 ml) end then dried over sodium OTClhoxypiKnyi)phcnyt-me^ (200 nig, 0378 

sulfate and evuparufcdL The residue stas purified by sikcu gel mmol) was swirkd in 6.0 ml of dry pyrixSinc for 18 b al room 

chromatography ehiting wilh a gradkoi of 40-100% ethyl temperacure and then treated with 3.0 ml of acetic anhydride, 

acetate in henanc. The pure product f radioes were cvapo- 5 mixture was swirled for an additional hour at room 

rated affording a foam: 351 mg of 20 (35%) yield; 1 H NMR temperature and than filtered. The product beads 15 were 

(DMSO-d^) a 832 (2H, d, J°9.2 Hz, aromatic), 7.56 (1H, d, 11060(1 ^ DMF °tbyl acetate and then dried under 

1-92. Hz, aioituiric), 737 (4H, d, J°7;4 Hz, aromatic)! vacul!in * Loading of the beads was 16.7 joncl/g. 

7.29-7.15 (BH, m, aromatic), 6.83 (2H, d, J=&9 Hz, 10 
aromaticX 4.61 (**i t, **5.5 Hz. CHJ, 439 (2H. t, J^6j0 
Hz, CHj), 3.71 (3H f s, inetboxy). 3.67 (2H, t, J«5.7 Hz, 
CHjX 351 (2R t, Hz, CH^ 3.07 (2H, m, CH^ 1.93 

(2H, m, CHA 1.59 pH, m, CHJ. ^ Synlhesis of ODN-MGB-LF (11) in Recctton 

Synthesis of CK3 derivative 21. Amixturc of 20 (335 mg, Scheme 6 
0,47 mmol) and long chain alfcyl amino CPG (5.9 g) was 

swirled b 24 ml of dry pyridme for 20 h al 25" C Ac^ The CTO-beads 15 prepared as in Enampte 6 ware 

anhydride (20 ml) was added and the mixture wasswirBed dcprotccted with TFA/CH^CL, and used for ohgonucfleotide 

for en hour at 25° C. and then filtered. The glass beads 21 synthesis under standard conditions. After synthesis of iho 

were rinsed generously with dimethyiformsmidc and ethyl oligonucleotide was complete, ammonia deprotedioai 

acetate arid dried under vacuum. yielded the atmnopropyl-QDPIs — ODN derivative 16. 

. . _ __ T . . _ _ . . Reaction of 16 with a reactive fluoropborc derivative (e.c. f 

Synthesis of CPG-CDPIa-dcnvatrvc (22). A portion of 53 yiMtd an ODN-MGB-LF conjugate 17. 
beads 21 (1.5 g) was deprotected by suspendiog the beads in 
3% trifluoioacetic acid in methylene chloride for 5 min. and 

then filtered. This ptoses* was repeated rcricc. On tb* third Ejwnrok 8 
filtration step the nitrate was no longer colored. The beads 

were rinsed with methylene chloride and then with 50 ml of so 

a solution of 5% criethylanrine in acelomtrik, followed by Mismatch Discrimination Using ODN-MGB-TO 

rinses with pure ecetoniirflc and then ether. Conjugates 

The deprotected beads were mixed with activated ester 24 

(140 mg, 0.22 mmol) in 6.0 ml of pyrMne/DMF ft:l v/v) 35 of ODN-ftflGB-LF conjugates to discriminate 

and the mixture was swirled for 18 h et room temperature. between 0 perfectly-matched hybrid and a smglo-nuelcotkte 

Actrvated ester 24 was prepared according to Lo&htanov et mismatch was tested, using TO a$ the latent fiuorophorc 

al (1995) Biocmtusat* Chemistry 6:418426. Acetic achy- P 0 ** 011 of tb * con^m. Discriminatory ability was 

^£n^ <° S^m^aTa 

h at room tearperamre and ibr D filtered- Hre prcdea beads T„ isdae temnsrahire atwhich the rate of decrease in 

22 were rin^wimDl^ardemyl acetate an^ florescence (^A indicative of toaturaiion of hybrid) is 



Synthesis of CPG-CDf I 3 derivative (23). A suspension of 45 
22 15 ml of triflnomacetio acid was swirled for 1 h at J?*^ 1 "? «*^*J^ ODN portions ranging 
room temperature and then filtered. THe beads were rinsed j^ 1 * ^^Jf ^ "™ hybridized, at a 

with mathyieoe chicle and then with 50 ml of 10% XrTt^ 

tri^ylamine in acetoiiirrile followed by et&yi acetale. Hie ^ oompternentary) sequeooa orVoDN containing a 
beads were then dried under vacuum. sn^b-micleotide nnHnaicft The perfectly-matched urgnt 



bad the r^w^a 5*-CIT CTT TTC TTT AAATTG CC-T 
Activated ester 25 was prepared cccording to Luhhtanov ($eq ID NO: 8). The mfemalched target had the sequenre 
et al (1997a) supra. A mixture of the gkss beads 22 and 5 -dT CTF TTC TIT CAA TTG CC-3' (SEO ID NO: 9). 
activated ester 25 (103 mg, 022 mmol) was swirled io 6.0 ^ The position al which the mfematch occurs in the mis- 
mi of dry pyridine for 18 h at room temperature and then matched oligomiclcoiidc is underlined in all oligonucleotide 
treated with 3.0 ml of acetic anhydride. Hie mixture was sequences. Hybridization was conducted in 200 mM NaCl, 
swirled for an additional hour at mom temperature and then 10 coM No cacodykte, 1 mM EDTA, pH 7.2. The hybrid- 
filtered. The product beads 23 were rinsed with DMF and ization reactions were initially incubated for 15 ntinutes lit 
ethyl acetate and then dried under vacuum. eo 110001 temnfiratnre; then tha temperanire was increased lo 95* 

C at a rate of 0.2° C. per second 

Synthesis of CPG derivative (15) for oligoflncleotide 
I I synthesis. Asuspansion of 23 in 15 ml of trimioroacetic acid Fluorescence measurements were conducted on 7 fA of 

was swiricd for 1 b at room temperature and then filtered. each hybrid, in an Idaho Ttechoologfes LC-24 Light Cycltr 
The beads were nnsed with methylene chloride and men ss ^oeording to (he manufacturer s instructions. Frooresoence 
with 50 ml of 10% triethylamine in acetonitrilc followed by was continuously monitored at 560 nm and the results otc 
ethyl aceflate. The beads were dried under vucuum. shown in Table 3. 
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TABLE 3 





SEQ 




Tarn 




Tqh of 




ODN-MQEB-LF Gofljugpte 


ID NO 


Length 




Kh 






5 '*TO- MOO-OATIXAAAQAAAAQAAO 


10 


IB 


65* 


C 


55" C 


10* C 


5 '-TD-MGB-CAXTITAAAGAAAAGa 


11 


10 


«♦ 


c 




lire 




12 


14 


W 


c 


43* C 




S'-TO-MGB-CAXTIXAAaGA 


13 


12 


SA° 


c 


35°C 


19* C 


S'-TCVMOB-CAAITXAAAQ 


J4 


10 


48° 


c 


■ 







Tncsc results indicate that ODN-MGB-LF conjugates ire 15 targol sequence 5^-TCT 1TC TTC TCT TIA AAT TGC 
able to discriminate between a perfectly-matched hybrid and CC-3' (SEQ ID N O: 15 ) or (ho mismatched target sequence 
a hybrid ccriiaimng a aoglc-nncioolidc mismitch. Docrimi- 5 -TCT TTC TTC TCTTCT TTC AAT-3 1 (SEQ XO KO: 16). 
nation is achieved for sequences as short as 10 nucleotides- The following primers were chosen to produce a 42 bp 

amplicon. The forward primer was 
Example 9 m 5'-AACCCGCGGCCGCTCrA-3' (SEQ ID NO: 17). Two 

reverse primers, both containing a LF f warn used. The first, 
ODN-MGB-Fhiorophom Conjugates as Primers in which also Contained a MGB, was 5'TO-MGB- 

Real-Tone PCR CAATTIAAAGAAAAOAAO-3 t (SEQ ID NO: IS). The 

second, which lacked a MOB, was 5 r -TO- 

This example demonstrates that ODN-MOB-LF cooju- CAATnAAAfiAAAAGAAG-3' (SEQ ID NO: 19> 
gates arc useful as primers in real-time PCR assays, and that 25 pjrj $ shows fluorescence &$ a function of cycle irombur 
smge-nucleotide mismatch discrimination can be achieved &, r me ODN-MGB-TO conjugate used as a PCR primer for 
in real-time PCR using ODN-MGB-LF conjugates. Sec a pc ^ccdy-fnatchcd vs. a single-base mismatched primtir 
VWttwer ct at (19*7) supra for a description of real-time bonding sequence. A Strong flnorescence output is observed 
PCR - M for (be template with the perfectly-matched sequence; 

RcaUtime PCR with fluoresceni monitoring was per- however, only background fluorescence is observed for the 
formed in an Idaho Technologies LC-24 Light Cycler. Bach template with the single-base mismatch. FIG. 6 also shows 
reaction mixture contained: 40 mM NaCL, 20 mM Tris-HCi, that a TO-conjugaled, perfectly-matched primer lacking a 
5 mM MgCla, 0.05% bovine serum albumin, 125 jM each MGB yields only background fluorescence in this assay, 
dNTP, QJS each primer (mduding fluorescent rnimcr), connrminn the beneficial effect of a MGB moiety oq 
0.1 ng/10 /tL template and OS U/10 /<L Taq Polymerase. hybridization-triggered fluorescence. 
Cydiog conditions for this experiment were 40^-50 cycles of Although the foregoing invcnlkm has been described in 
1 sec at 95° G, then 30 sec at the annealing/ex tension some deliil by way of illustration and example for purposes 
temperature of 71° C. of clarity of understanding, it will be apparent to those 

The template was me 4518 bp pBK-CMV phagenrid ^ skilled in the art that various changes and modifications can 
(Scraragene; Alting-Mees, et aL (1992) Strategies 553-61. be practiced without departing from the spirit of the inven- 
The template contained a LacZ gene insert (ATG at position tion. Therefore the foregoing descriptions and examples 
1163, TAAat 799) in winch the region between nucleotides should not be construed as hunting the scope of the invetH 
1060 and 1083 was substituted with either the matched tion. 



ssQtmcB Lxsro&s 

<16D> H1MBEH OF SEQ ID KOS; 24 

<21Q> 6SQ 10 BO 1 
<2ll> LBW tBt 12 
<212> TTPS: DBA 

<213> QRB JMXM ia artificial Sequence 
<220> yEATOtUC: 

■<£J53> OTCEJk rXPCHJCrflaSx thiaKole orangn ■innr groova 

binder-oligogqclvQtiijB oanjqgate 

<22Q> FEATURE C 

<221> HRMB/KKTi mcdlEedJja&o 

<222> LOCATION: (1) 

<223> omn ZSPORMATZOH: n - cytokine nodlfled by cyaniae dye 

thiasole ornngo coupled to A ninor groOVfi hinder (TO-BGB) 

<400> SEQUXSCXf 1 

caairttacag ao 12 
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«21D> SEQ ID NO 2 
<?U> 1KKUTH: 12 
<212> TT2E: BKA 

<213> csumhgk: Artificial Sequence 
«22©> FZAIDHEl 

<223> OTHER mOBMHUOHi thloaolo oxaag^-alnor groove 
binder -oligonucleotide conjugate, 

<22o> msosai 

«22l» BMffi/KSTs nodifioOaD© 
<222> LOCAZIOVf (1) 

<223> OTHER nrrQHKAnaif x n ■ thymine « fay cyanino dye 

t&iarole orange coupled to o minor groove binder (T0-MCB> 

<400> fiSQUXSCBB 2 

ctCccgogcg gc 12 



<210> SEQ ID NO 3 
<211> MH; 19 
<2l2> TYPE I CKA 
<213» OfRGMJtSM: Artificial 
<220> FEATURES 
423* < 

bipdcc-pligoauc lootido conjugate 
<220> FKATUKE: 

<221> BMS/K5Y: modified-base 
<222> IOCMIOTl (1) 

«223> other XeTaRNMPlam n - cytpsin* modified bj cyanic© dye 

toiaxole orange conpled to a Minor groove bindac (TO-lKffi) 

<4D0> SEQUENCE? 3 

naatttaaag aaeegaag ID 

«210> SBQ ID BO A 
<2ll> XZBGTHl 17 . 
<212> TTVttt UKA 

<213> ORGANISM: Artificial Sequence » 
<220> MATURE l 

<223> OTHER XHTORHaXXOH : oligonucleotide (ODU) portion of tha conjugate 

<<oo> esojosttcsi 4 

tttcttanaa cgaattt 17 



<210> 6BQ ID HO 5 
<21X> LKHSTK5 1? 
<212> TYPE I SUA 

«2«> cnUMBIBKs Artificial Sequence 
<220> FEATTBIE: 

«223> other irnraKHXTxaa i oligonucleotide (ODU) portion o£ tha conjugate 
<400> sxQumcE i s 

tttottaoa* ogoactfct 17 



<21D> C2Q ID HO 6 
<211> LEKGTH: 10 

<213> caGAHiSKt Artificial Sequence 
<220> fSftXURSt 

<223> OTHER mrOHMaTIGHi R2 (OQK) of fluoropbare-MGB-ODH conjugate 
<400> SBQOEHCB; 6 

gaogttgett 10 



<210> SEQ ID NO 7 
<211> LEHGTBt 11 
<21Z> TTFB : DKA 

<213> ORG&HI9CS Artificial Sequence 
<320!» FCAXTOB; 

<223> OTHER JH7OHHA7I0H t R2 <ODS) ofi fluorop ho re-MSB -ODH conjugate 
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continued 



U 



<210> SEO ID HO 8 
«211> igOTO! 2Q 
<212> Tffiji fiKA 

013* cmsamsHs Artificial 

^220* FEASORS! 

<223> OTBBR UtTOHMATIOH t target OCOff ooatainlag a pert eetlywnat cued fully 
O rt nip Iftpiftttt Airy Begococo 



«<00» 6ZQOEHCBS B 
cttcttttct ttaaattgee 



<210> 6EQ ID MO 9 
<2ll> IfSGTHs 29 
<212> TYFEe OTA 

<213> QResuraH: Artificial sequence 
<220> mmti 

<233j> OTHER IKPORHATICBt tatget ODM eont 
adBBtdi 

<d00> SEQOBHCEi 9 

c ttc ttttet ftaaettgee 



aining A ningla-nuclectid© 



20 



<210> SRQ TO MO 10 
<211> tBEGTHl 19 
<212> TYPGt DMA 

<213> CWttBISK: Artificial Sequence 
<220> FKAXOHBl 

<22J> OTHER JSPotutttioH; gdb-kgb-lf conjugate 
<220> FEATURE: 

<221* HRKEfKETs KodlilecLbafle 

<222> LOCAIIONi (1) ** 
<223> OtHfiH iKFORMancra: n - cytoslne modified fay pyrin i no dyo thiaaolo 
or«Vga co«I»lod to a minor groove binder <TO-HGB> 

<400> SBQUEHCEl ID 

naattteeag aaaagnag IB 



<210> SEQ ID VO 11 
<2ll> UETOTH: 19 
<Z12> TTTEi DBA 

■c21±> ckgasisks Artificial sequence 
«220> FEATURE: 

«222> other XBTCQUfurxani OOH-BCB-W conjugate 
«22Q> FEATURE t 

<221> mKE/SSy? modificd-baee 
<222» LOCATION: <1) 

<223» OTHER JSFaRHAXIOUt n - cytoalne nedified by oryanina dye tAiaaolo 
orange a crap led to a mJnnr gtoov? binder <30~KC£) 

<400> SEQUEBCSl 11 

naetttaeag aaaaga H 



<21fl> ftEO XP PO 12 
<2ll> LENGTHS 14 
«212> TTPE; SUA 

<213> organisms Artificial Sequence 
<220> FlATOESi 

<223> OTHER INFORMATION: QDH-KGB-LF can jugate 
<220> FEATURES 

«221> RAME/EKT: fvxI 1 flpxtjuaae 
<222> LOCAT TQEi (1) 

<223> OTHER BEPORHATIOB: a - cytoalao modified Dy cycAlse dye thiozole 
orongo couplod to a minor groove binder (TO-KGS) 

<400> SSCOEJTCBl 12 
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<210> SEQ IP UP 13 
<2ll> LBHGTH: 11 
<212> TTPBt not 

<2i3> CKQAHZSH: Artificial Sconce 
<220> FArXUKB: 

«223> other zhpormatzgsii ocn-hgb-lt cos jugate 

<220> JVATOMtt 

<221> HAKE /KEY J BodifiedLb&ae 
■c222> LOCftll CTf; (1) 

<223> other ifpobkatioui n - cyroolae Modified by ay&ultxo dya 

tblAaola orango coupled a minor groove bjjuler (TO-MGB) 

<400> OICOBRCSS 1) 

Qoatttaaog o 11 



o 



<2l0> SEQ IS HO 14 

<2ii> zAxami io 

«2l2> TYPE: UNA. 

<213> OfiCAHTEM; Artificial Sequence 
<2209> FEATUHBl 

-<223> OTHER 2HF0RHAR0HI Q&H-HGS-Lf conjugate 

<220> feature: 

<221> HANE/EXTi nndifiedLbaEQ 
<222» LOCATION: (1) 

<223> OTHER IHPORHATIOMi n - cytokine modified by eyanine dy« thiaxola 
orange coupled to a minor groove binder (To-KGBJ 

<400> SEQUENCE: 14 

qootttoaag 10 

<210> SSQ ZD HO 15 
<211> ESH&VHl 24 

<212> TYPES DRA ^ 
<213> GRGA&XEMi Artificial GoqoanCQ 
<229> FEATURE: 

<223> OTHER XHPORMATXOtti motchod target sequence 



<400> SSQDEHCEi 15 

rctttcttct tttctttaaa ttgcCc 20 



«2i0> SSQ ZD HO If 
«211> ZEH&Tfls 21 
<212> TTVS: QUA 

<2H> ORGAHISK: Artificial Sequence 
«220> raaxusB- 

<223> OTHER ZHEORHATIOH: altaatdhad taxgat saqnooca 
<400> 6EQUEHCE: 16 

«ctttcttet tttettteea t 21 



<210> aKg id Ho 17 

<2ll> LBHGTH: 17 
<212> TTPEr DMA 

«213» organism i Artificial Sequence 
<220> 7BAXC&JE; 

«22J> OTHER mrURMATXOH: forward prlaer 
<4&0> SEQUENCE l 17 

aacccgcggc c get eta 17 



<210> 6BQ ZD HO 18 
<211> LENGTHS 10 • 
<212> TYPE r DBA 

<2ll> ORGANISM: Artificial Sequence 

<72y> OTHER EKFOKKATICd : ro^arae prlaaar containing an LP and RGB 



PAffi 81/83 1 RCVD AT 12/13/2006 5:27:23 PM [Eastern Standard Time] * SVR:USPT0-EFXRF-3I6 ' DNIS:2738300 * CSIO:6123499266 * DURATION (mm-ss):24-56 



12/13/2006 16:50 FAX 6123499266 



PATTERSON THUENTE SKAAR 



(2)082 



n 



US 6,951,930 B2 



65 



66 



-continued 



<22Q> TEASUXCSl 

«221> MAME/KZYl iflOdlficdJ?aB© 
<222> inC&XZOHi (1) 

«423> OTHER IMFOftMATiGH : a - eytoalne ucxli£ed by cya.nl n© dye thiaaale 
orange coupled to a minor groove binder (TO-KGB) 

<400> SBQOSSCSi 10 

naartttcvuag Qoangaag 



OlOy SSQ ID BO 19 
<211» LB BOTH ■ 16 
<2U> TYFZt DBA 

<213> C&GAHSMt Artificial flaquonce 
<220> FKATGQXi 

<223> OTHER XHTORAATICNr rOTAroo pxrinox containing an UP 
<220> TSAIURBf 

<221> HAME/KSY: modUtedJiaaa 
<222> IOCATICNs <LJ 

<223> OTHER XV7O8MATZ0NS D - Cytooinn Tnnrijjfrd by cyanln© dyo thiaaolo 



n&Atttoaag oaeogno^ IB 



<210> SZO ID HO 20 
«211> LttWXH; 16 
<212> TTPSi DMA 

«2i2» QWASXGKi Arfel£ciftl Sequence 
<220* FEATORSi 

<223> OTHER XFFORMATION: polydT-MGB- 

12-ctuaothyJ.aaujion aphtha! B&e-6-sixl£aaanido) 



<221> VWB/Vmz modifiedJ>&a* 
<222> IOCAXXONi (1) 

<223> OTHER IBSORXAXIOB: & - thymine bjk,HQ8- 
(2 -dlnet faylaalsofkaphthal bub- f -au l£oraaido) 

*400> QEQOEBCEl 20 

Dttttt-tttt tttttt J g 



<210> SSQ JD NO 21 
<2ll> LZtJCTHi 16 
«2I2> TTPEt DBA 

<213> ORGANISM: ArtUHeial Sequence 
<220> FSATU&Ir 

<223> OTHER IHPORHATIOH: R2 (ODD) of SbonspbarB-UdB^DH conjugate 
<400> sxguEBCS: 21 

tttttttrtt trttttt ^fi 



<210> SSQ ID HO 22 
<21t> ISHCTBI 11 
<212> TYPE 9 BNA 

<213> organism 1 Artificial eequoac© 
*220> TEAXURBl 

<223> OTHER IBTOSHATIOV • R2 (0OT> of fluorophore-liCB-ODH conjugate 
, <400> fiZQOHJCfc: 22 

tttttttttt t n 



<210> CTQ ID HO 23 
<21U L8PC TJ: 15 
<212> TTPEs DHA 

<213> CROAfHSM; Artificial Sequence 
<220> FEATURES 

-<223> OTHER z R2 (COT) of flnorOphor©-«SB-OOIf conjugate 

<4oo> seooebce; 23 




4230> 



conjugate 
rlATOSBr 
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<21th> SEQ ZD KO 24 
«2H> LSUGTHt 15 

<2i2> tstei ma 

<2l9> ORGMJISMi Artificial Sequence 
<220> ggJUQg fc; 

<223> OTHER INFORMATION i XB-wr poly dT-HSSB- 

(2-difiHtbyl(unijianQphthil«ie-*-malfiTO«aido) conjugate, 
pply(dT)-15-HGB-dimayl conjugate 
<320> FEATURE t 

<221^ SAMK/KETi mxU£«dJ?aee 
<222> LOGAXIOMi (1) 

«223> OTHER Bfl?0&M&TZQZl J a ■ thy&i^Q modified by MSB- 

(2-dlmethylft^^ophUwloiio-6-oul£ena»i4») (dansyl group) 

«400> SEQUENCE Z 24 

nttrttttet tt±t± j j 



( ) 



What is claimed is: 9. The compositian of claim 4> wherein the second linking 

L A composition, said opmposiiioB comprising: group comprises a chain having a backbone of no more than 

a latent fluorophore having an electron Awm fng group 25 "hour 50 atom, 

and ao electron accepting group which we covalcntly 10 * Tiie composition of claim 1, wherein the □Iigomiclc- 

joined to each other by a resonance linker, otkfe is a PNA/ONA chimera, wherein PNA & a polyamide 

a minor Groove binder fMGJJk and (pcplfdc) nnefcic 0^. 

e^vc mum yrnuB}, ana 11. The composition of claim h wherein said latent 

an oligonucleotide, whereupon hybridization, said latent _ fluorophore is a cyanino dye. 

fluorophore changes fluorescence. 30 12. The composition of claim 11, wherein said cyanine 

2. The composition of claim 1, wherein said ohgonucle- dye rs tfaiazole orange. 

otide comprises a plurality of nucleotides, a 3 r end aod a S 1 13. The composition of claim 1, whettin said oliganudi> 

end. odde comprises one or more pyrazolopyrinnnine nncteockto 

3. The composiiion of claim 1, wherein said minor groove re sidues 

binder moiety is covajeotly linked to the 5' end of the 35 14* The composition of claim 1, wherein 6-amino-lH 

oligonucleotide. p^azolo^4-d]pyrianVim^5H)Km is substituted tot gun- 

4. The composition of clAun 1, ^iiciein said minor groove mD£t 

binder is covaleaUy atuched to the ohgonncleotide through ~ ™* oompc«itioD of claim 1, wherein 4-amino-lH 

a first hnking group, end the latent fluorophore is covilenQy Pyr^W^]pyri^ne is »h$tituted for ad enine. 

attached to the minor groove binder through a second 40 A }£ ^^SS^JS^S^ l L Wl * rClD U*W*zx>lDp, 

lmlwcroun i^aa™ 4^fcvniuio^n^5H)^H^ne Is substituted for adenine. 

A^niTcomo«eitin« of H««n i „h ri Hn tfw> 1?- A method for identifying a latent fluoropboie, said 

oligonucleotide , _ , , 

6. c^^os^ ^clam, 1, wherein the n**r groove * <*>£^ an"e=? ^^7^ 
bmder is a ^ of a molecule having^^cularwe^t ^vX^ ^ „ cacb ^Ty\^onan^K 
of approximately 150 to approximately 5000 Daltons which and 

mole^biab m anon jetcrcaU the minor w aeteiiirinmg the fluorescence mtensihes of said con> 

£OOve of non^le^anded DNA. RNA or hybrids ^oundTvX and an oiganic solves to id entity said 

thBK ? t aSSpCUtWn C0D8tont gpealer lb " flppro *- latent fluorophore wherein said latent fluorophore 

mately ICfcT . ^ changes fluorescence upon detecting said target 

7. The composition of claim 1, wherein the minor groove sequence. 

hinder moiety is oovalendy licked to the oligonucleotide at 16. The method of claim 17, wherein said organic solvent 

one or more of the micleondc onto. . is a member selected from the group oottisling of methanol, 

6. The composition of claim 4, wherein the first linking ethanol and ethyl acetate, 
group comprises a chain having a backbone of 00 more than 

about 100 atoms. » • + • „ 
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